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GHUQ ,Q GHU 7LHU]XFKW ZHUGHQ PLW GHP (LQVDW] YRQ *HQRPH (GLWLQJ .UDQNKHLWVUHVLVWHQ]HQ
9HUEHVVHUXQJHQGHU)OHLVFKTXDOLWlWRGHUGHU:DFKVWXPVPHUNPDOHYRQ7LHUHQDQJHVWUHEW*H
QH'ULYH$QZHQGXQJHQGLH*HQRPH(GLWLQJHLQVHW]HQN|QQWHQVRJDU2UJDQLVPHQLQJDQ]HQ
gNRV\VWHPHQ JH]LHOW YHUlQGHUQ XP EHLVSLHOVZHLVH .UDQNKHLWVEHUWUDJXQJHQ GXUFK ,QVHNWHQ
]XYHUKLQGHUQ
'LH $QZHQGXQJHQ YRQ *HQRPH (GLWLQJ VLQG PLW XQWHUVFKLHGOLFKHQ SRVLWLYHQ XQG QHJDWLYHQ
(UZDUWXQJHQKLQVLFKWOLFKGHU$XVZLUNXQJHQDXI,QGLYLGXHQ*HVHOOVFKDIWRGHU8PZHOWYHUNQSIW
.RQWURYHUVHQEHVWHKHQ LQ%H]XJDXIGLHVHP|JOLFKHQ$XVZLUNXQJHQGLH6LFKHUKHLWGLHHWKL
VFKH %HXUWHLOXQJ XQG GLH VR]LDOH (UZQVFKWKHLW YHUVFKLHGHQHU$QZHQGXQJVIlOOH$XVVHUGHP
ZLUGGLH$QJHPHVVHQKHLWEHVWHKHQGHUUHFKWOLFKHU5DKPHQEHGLQJXQJHQGLVNXWLHUW,Q/DQGZLUW
VFKDIW XQG /HEHQVPLWWHOKHUVWHOOXQJ LVW XPVWULWWHQ ZLH *HQRPH (GLWLQJ2UJDQLVPHQ UHFKWOLFK
HLQ]XVWXIHQVLQG
=LHOVHW]XQJGHU6WXGLH
'LH YRUOLHJHQGH LQWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJEHVFKlIWLJW VLFKPLW*HQRPH(GL
WLQJ9HUIDKUHQ XQG GHUHQ 1XW]XQJ LQ XQWHUVFKLHGOLFKHQ$QZHQGXQJVIHOGHUQ LP %HUHLFK +X
PDQPHGL]LQPLW;HQRWUDQVSODQWDWLRQVRPDWLVFKHU*HQWKHUDSLHVRZLH.HLPEDKQWKHUDSLHLQGHU




$XVZLUNXQJHQGLHVHU9HUIDKUHQXQG LKUHU$QZHQGXQJHQ$XVVHUGHP IUDJW VLH LQZLHIHUQ=LHO
VHW]XQJHQGHUXQWHUVXFKWHQ$QZHQGXQJHQGLHELVKHUPLWDQGHUHQ0HWKRGHQGHU*HQWHFKQLN
YHUIROJWZRUGHQVLQGDXIJUXQGGHU1XW]XQJYRQ*HQRPH(GLWLQJQHXEHZHUWHWZHUGHQPVVHQ
6LH QLPPW HLQH$QDO\VH EHVWHKHQGHU UHFKWOLFKHU 5DKPHQEHGLQJXQJHQ XQG$QVDW]SXQNWH IU
GHUHQ$QSDVVXQJYRU6LHXQWHUVXFKWGHQHWKLVFKHQ'LVNXUVXQGGDULQDXIWDXFKHQGH$UJXPHQ







x 5HFKHUFKH $XVZHUWXQJ XQG 'LVNXVVLRQ YRQ )DFKOLWHUDWXU NRPELQLHUW PLW TXDOLWDWLYHQ
([SHUWLQQHQ XQG ([SHUWHQLQWHUYLHZV ELOGHQ GLH *UXQGODJH IU GLH $QDO\VH XQG $XV
DUEHLWXQJ GHU WHFKQLVFKHQ 0|JOLFKNHLWHQ XQG *UHQ]HQ GHV *HQRPH (GLWLQJV IU YHU
VFKLHGHQH =ZHFNH VRZLH GHU %HXUWHLOXQJ GDPLW YHUEXQGHQHU &KDQFHQ 5LVLNHQ XQG
ZHLWHUHU$XVZLUNXQJHQ
x :RUNVKRSV PLW 6FKZHL]HU 6WDNHKROGHUQ |IIQHQ GDV 3URMHNW IU XQWHUVFKLHGOLFKH VR]LDOH
3HUVSHNWLYHQDXI ]ZHL DXVJHZlKOWH$QZHQGXQJVIlOOHGHV*HQRPH(GLWLQJV±.HLPEDKQ
WKHUDSLHXQG3IODQ]HQ]XFKW
x (LQ 5HFKWVJXWDFKWHQ DQDO\VLHUW GLH JHVHW]OLFKHQ 5DKPHQEHGLQJXQJHQ YHUVFKLHGHQHU
$QZHQGXQJHQYRQ*HQRPH(GLWLQJXQGLGHQWLIL]LHUWJHVHW]JHEHULVFKH1RWZHQGLJNHLWHQXQG
0|JOLFKNHLWHQ
x 'LH$QDO\VH DXVJHZlKOWHU 6WHOOXQJQDKPHQ ]HLFKQHW GHQ HWKLVFKHQ 'LVNXUV XP*HQRPH
(GLWLQJLP%HUHLFK+XPDQPHGL]LQQDFK
x (LQHH[SORUDWLYH2QOLQH8QWHUQHKPHQVEHIUDJXQJ6FKZHL]HU%HWULHEHDXV3KDUPD]LH XQG
/DQGZLUWVFKDIW JLEW HUVWH (LQEOLFNH LQ P|JOLFKH |NRQRPLVFKH ,PSOLNDWLRQHQ YRQ *HQRPH
(GLWLQJ
(LQH%HJOHLWJUXSSHDXV([SHUWLQQHQXQG([SHUWHQPLWXQWHUVFKLHGOLFKHQGLV]LSOLQlUHQXQGLQVWL







VR KHUJHVWHOOW ZHUGHQ GDVV GLH ©6RQGHª DQ HLQHU YRUGHILQLHUWHQ 6WHOOH YRQ'1$ ELQGHW ZR
GDQQ GLH ©6FKHUHª HLQHQ 'RSSHOVWUDQJEUXFK KHUYRUUXIW 'HU 'RSSHOVWUDQJEUXFK LQLWLLHUW ]HOO
HLJHQH5HSDUDWXUPHFKDQLVPHQGLHIUGLHHUZQVFKWH9HUlQGHUXQJGHU'1$JHQXW]WZHUGHQ
*HQRPH(GLWLQJNDQQXD*HQHDXVVFKDOWHQ.QRFNRXW'1$$EVFKQLWWHHLQIJHQ.QRFNLQ
RGHU JDQ]H$EVFKQLWWH O|VFKHQ 'HOHWLRQ(V LVWP|JOLFK'1$RKQH(LQEULQJHQ YRQ)UHPG
'1$ ]X YHUlQGHUQ RGHU '1$9RUODJHQ GHU HLJHQHQ &LVJHQH RGHU HLQHU IUHPGHQ $UW
7UDQVJHQH HLQ]XEULQJHQ &5,6356\VWHPH VLQG GLH DP KlXILJVWHQ HLQJHVHW]WHQ *HQRPH
(GLWLQJ6\VWHPH 6LH VLQG LP 9HUJOHLFK ]X =)1 XQG 7$/(1 DP HLQIDFKVWHQ XQG NRVWHQ
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2II7DUJHW(IIHNWH XQG LKUHU$XVZLUNXQJHQ VLQG NRPSOH[$XVVHUGHPNDQQGHU'RSSHOVWUDQJ
EUXFKDQGHU LQWHQGLHUWHQ6WHOOHDXIHLQHDQGHUH$UWXQG:HLVHYRQVWDWWHQJHKHQDOVJHSODQW
ZDU XQGGDV(UJHEQLV YHUlQGHUQ LQGLHVHQ)lOOHQZLUG YRQ2Q7DUJHW(IIHNWHQJHVSURFKHQ
%HLHLQHU0RVDLNELOGXQJZHUGHQZLHGHUXPQLFKWDOOHDQYLVLHUWHQ=HOOHQ LQHLQHP2UJDQLVPXV
JOHLFKPlVVLJPRGLIL]LHUWZDVGLH:LUNXQJGHV(LQJULIIVYHUULQJHUQRGHUDQGHUH$XVZLUNXQJHQ




;HQRWUDQVSODQWDWLRQ LVW GLH 7UDQVSODQWDWLRQ YRQ =HOOHQ *HZHEHQ XQG 2UJDQHQ ]ZLVFKHQ
YHUVFKLHGHQHQ6SH]LHV'LH;HQRWUDQVSODQWDWLRQYRQ6FKZHLQHQ]X0HQVFKHQZLUGDQJHVWUHEW
XP HLQHQ EHVWHKHQGHQ0DQJHO DQPHQVFKOLFKHQ 6SHQGHURUJDQHQ ]X O|VHQ 'LH JHQHWLVFKH
9HUlQGHUXQJGHU6FKZHLQHDOV2UJDQTXHOOH LVW HLQH9RUDXVVHW]XQJ XPVWDUNH$EVWRVVXQJV
UHDNWLRQHQJHJHQGDVIUHPGH2UJDQ LPPHQVFKOLFKHQ.|USHU]XYHUKLQGHUQ*HQRPH(GLWLQJ





ZXUGHQ ELVODQJ NHLQH NOLQLVFKHQ 6WXGLHQ DP 0HQVFKHQ PLW 2UJDQHQ YRQ JHQRPHGLWLHUWHQ
6FKZHLQHQ YRUJHQRPPHQ8QJHDFKWHW HLQHUP|JOLFKHQHUIROJUHLFKHQ5HDOLVLHUXQJGHU;HQR
WUDQVSODQWDWLRQ EHVWHKHQZHLWHUKLQ HWKLVFKH.RQWURYHUVHQ LQ%H]XJDXI7LHUUHFKWH ,GHQWLWlWV






lQGHUWHQWZHGHUGLUHNW LPEHWURIIHQHQ.|USHU(in vivo)RGHU LQ=HOOHQDXVVHUKDOEGHV.|USHUV
(ex vivo) LP/DERU (in vitro) GLHGDQQ LQGHQ.|USHUGHV3DWLHQWHQRGHUGHU3DWLHQWLQHLQJH
EUDFKWZHUGHQ'LH9HUlQGHUXQJHQZHUGHQQLFKWDQGLH1DFKNRPPHQGHUEHKDQGHOWHQ3HUVRQ
YHUHUEW$QVlW]H VRPDWLVFKHU*HQWKHUDSLH ]LHOHQ DXI GLH+HLOXQJ XQWHUVFKLHGOLFKHU JHQHWLVFK
EHGLQJWHU.UDQNKHLWHQGLH(OLPLQLHUXQJYRQ5HWURYLUHQLP*HQRPGHU%HWURIIHQHQ]%KXPD
QHV ,PPXQGHIL]LHQ]YLUXV +,9 QHXH )RUPHQ GHU ,PPXQWKHUDSLH EHL .UHEV RGHU GLH GLUHNWH
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
%HNlPSIXQJ YRQ .UHEV]HOOHQ DE %HUHLWV YRU GHU (QWZLFNOXQJ YRQ *HQRPH (GLWLQJ ZXUGHQ
PHKUHUHVRPDWLVFKH*HQWKHUDSLHQPLWXQWHUVFKLHGOLFKHP(UIROJHQWZLFNHOWJHWHVWHWXQG]XP
7HLO ]XJHODVVHQ:lKUHQG HLQLJH %HKDQGHOWH DQ GHQ1HEHQZLUNXQJHQ VRPDWLVFKHU 7KHUDSLH
VWDUEHQNRQQWHQDQGHUHJHKHLOWZHUGHQ LQVEHVRQGHUHEHL(UNUDQNXQJHQRKQH7KHUDSLHDOWHU
QDWLYHQZLUGHLQHUVWHU(LQVDW]]ZHFNVRPDWLVFKHU*HQWKHUDSLHJHVHKHQ
*HQRPH (GLWLQJ NDQQ VRPDWLVFKH *HQWKHUDSLH SUl]LVHU ZLUNVDPHU XQG HLQIDFKHU PDFKHQ
(UVWH NOLQLVFKH 6WXGLHQ GLH =)1 XQG 7$/(1 QXW]HQ ILQGHQ EHUHLWV VWDWW 7KHUDSLHQ PLW
&5,635&DVVLQGGHU]HLWLQ(QWZLFNOXQJ(LQH]HQWUDOH+HUDXVIRUGHUXQJVWHOOWGLHJH]LHOWHXQG
DXVUHLFKHQGH(LQEULQJXQJGHU*HQRPH(GLWLQJ6\VWHPHLQGLH]XEHKDQGHOQGHQ.|USHU]HOOHQ





=HOOHQ GHU .HLPEDKQ HQWKDOWHQ GLH YROOVWlQGLJH JHQHWLVFKH ,QIRUPDWLRQ GLH DQ 1DFKNRPPHQ
YHUHUEWZHUGHQNDQQ.HLPEDKQWKHUDSLHYHUlQGHUWGLH'1$GHU1DFKNRPPHQGXUFKJHQHWLVFKH












N|QQHQ LQ YLHOHQ )lOOHQ GXUFK EHUHLWV P|JOLFKH XQG ]XJHODVVHQH ,QYLWUR)HUWLOLVDWLRQ XQG
3UlLPSODQWDWLRQVGLDJQRVWLN YHUKLQGHUW ZHUGHQ ZHVKDOE GLH 1RWZHQGLJNHLW YRQ .HLPEDKQHLQ
JULIIHQKLQWHUIUDJWZLUG







































RGHU GHUHQ =XWDWHQ DXV JHQRPHGLWLHUWHQ 3IODQ]HQ HUJHEHQ VLFK WHFKQLVFKH UHFKWOLFKH XQG
NRPPXQLNDWLYH+HUDXVIRUGHUXQJHQ IU$QEDX 3URGXNWLRQ XQG+DQGHO YRQ /HEHQV XQG )XW
WHUPLWWHOQGLHHUVWQRFKLP'HWDLOJHNOlUWZHUGHQPVVHQ
7LHU]XFKW
*HQRPH(GLWLQJ9HUIDKUHQ KDEHQ LQ GHU7LHU]XFKW GDV3RWHQ]LDO GLH(IIL]LHQ] XQG3Ul]LVLRQ
















1XW]WLHUHQZLUG YHUJOLFKHQPLW 3IODQ]HQ DOVZHQLJHU NULWLVFK EHXUWHLOW DEHU LP%HUHLFK )LVFK
]XFKWDOVUHOHYDQWHV5LVLNRJHVHKHQ*HQRPH(GLWLQJN|QQWHVFKPHU]KDIWH(LQJULIIHLQGLH7LH
UH YHUKLQGHUQ ]% (QWKRUQXQJ EHL 5LQGHUQ GDPLW DEHU JOHLFK]HLWLJ LQ GHUHQ /HEHQVZHLVH
HLQJUHLIHQ$OVWHFKQLVFKH/|VXQJN|QQWH*HQRPH(GLWLQJXPIDVVHQGHUHXQGZHLWUHLFKHQGHUH









(LQVDW] YRQ*HQH'ULYHVP|JOLFK ]XU9HUEUHLWXQJ YRQ HUZQVFKWHQ JHQHWLVFK EHGLQJWHQ(L




*HQH 'ULYHV N|QQWHQ LQ .UDQNKHLWVSUlYHQWLRQ /DQGZLUWVFKDIW XQG 1DWXUVFKXW] $QZHQGXQJ
ILQGHQ$QGHU3UlYHQWLRQYRQ0DODULDGXUFKGLH$XVURWWXQJGHU$QRSKHOHVPFNHZLUGEHUHLWV
JHDUEHLWHW HLQ(LQVDW] YRQ*HQH'ULYHV N|QQWH ]XP%HLVSLHO VR DXVJHULFKWHW VHLQ GDVVQXU
PlQQOLFKH1DFKNRPPHQJH]HXJWZHUGHQZRGXUFKOHW]WHQGOLFKGLH3RSXODWLRQLQVJHVDPWUHGX









VHKHQ$QGHUVHLWV N|QQWHQ5HVLVWHQ]ELOGXQJHQ JHJHQ*HQH'ULYHV HLQWUHWHQ ZDV GLHVH XQ
ZLUNVDPPDFKHQZUGH'DV:LVVHQXPGLH5ROOHXQG)XQNWLRQYRQ$UWHQRGHU3RSXODWLRQHQLQ
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=XVDPPHQIDVVXQJ 
gNRV\VWHPHQ LVWPLWXQWHUQLFKWKLQUHLFKHQGZDVGLH5LVLNRDEVFKlW]XQJHUVFKZHUW*HQH'UL














PXQJHQ IU9RU XQG1DFKVRUJH GLHGHQ6FKXW]GHUEHKDQGHOWHQ ,QGLYLGXHQ GHV7LHUHVDOV
2UJDQTXHOOHXQGGHUZHLWHUHQ8PZHOW]%,QIHNWLRQVULVLNHQIU'ULWWHEHWUHIIHQ5LVLNHQXQG
1XW]HQ VLQG GDEHL DE]XZlJHQ %HVWLPPXQJHQ KLQVLFKWOLFK GHU 7LHUZUGH PVVHQ HEHQIDOOV
EHDFKWHWZHUGHQ*HQRPH(GLWLQJKDW GDV3RWHQ]LDO GLH5LVLNRHLQVFKlW]XQJYRQ;HQRWUDQV
SODQWDWLRQ ]X YHUlQGHUQ YRU DOOHP GXUFK GLH 9HUPLQGHUXQJ YRQ$EVWRVVXQJVUHDNWLRQHQ XQG
GDV5LVLNRGXUFK5HWURYLUHQ






VLFKGLH)UDJHQDFKGHU5HJXOLHUXQJGHUEmbryonenforschung mit Genome Editing:lKUHQG
)RUVFKXQJDQEHU]lKOLJHQ(PEU\RQHQXQGGLH+HUVWHOOXQJYRQ(PEU\RQHQ IU)RUVFKXQJV
]ZHFNH LQ GHU 6FKZHL] YHUERWHQ VLQG LVW GLH )RUVFKXQJ DQ HPEU\RQDOHQ 6WDPP]HOOHQ DXV
EHU]lKOLJHQ(PEU\RQHQLP/DERUJUXQGVlW]OLFKHUODXEW
%HL Pflanzen- und Tierzüchtung VWHKWUHFKWOLFKGLH(LQRUGQXQJYRQPLW*HQRPH(GLWLQJYHUlQ
GHUWHQ2UJDQLVPHQLP9RUGHUJUXQG-HQDFKGHPREHVVLFKXPJHQWHFKQLVFKYHUlQGHUWH2U
JDQLVPHQ*92KDQGHOWRGHUQLFKW LVWGLH5HJXOLHUXQJXQWHUVFKLHGOLFK/DXW8UWHLOGHV(XUR
SlLVFKHQ*HULFKWVKRIV IDOOHQ*HQRPH (GLWLQJ2UJDQLVPHQ QLFKW XQWHU GLH VRJHQDQQWH0XWD
JHQHVH$XVQDKPHXQGZHUGHQDOV*92EHXUWHLOW0XWDJHQHVH9HUIDKUHQYHUlQGHUQGDV(UE
JXWYRQ2UJDQLVPHQXQJH]LHOWDEHURKQH+LQ]XIJHQYRQIUHPGHP*HQPDWHULDO'LHUHFKWOLFKH
.DWHJRULH ©0XWDJHQHVHª XPIDVVW MHGRFK QXU VROFKH 9HUIDKUHQ GLH ]XP =HLWSXQNW GHU )HVW
OHJXQJGLHVHU5HJHOXQJDOV9HUIDKUHQGLHVHU.DWHJRULHYHUVWDQGHQZRUGHQVLQG0LW*HQRPH
(GLWLQJYHUlQGHUWH2UJDQLVPHQZXUGHQKLQJHJHQDOV*92GHNODULHUW'LH6FKZHL]KDWGLH0|J
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
OLFKNHLWGHUQXQPHKUUHVWULNWLYHUHQ$XVOHJXQJGHU(85HJXOLHUXQJ]XIROJHQRGHUHLQHOLEHUDOH
UH ©LQQRYDWLRQVIUHXQGOLFKHUHª 5HJXOLHUXQJ IU *HQRPH (GLWLQJ ]X HQWZLFNHOQ 'LH LQ GHU
6FKZHL]YHUIDVVXQJVUHFKWOLFK IHVWJHVFKULHEHQH©:UGHGHU.UHDWXUªVWHFNWGHQ5DKPHQGHU
1XW]XQJ YRQ*HQRPH(GLWLQJZHLWHU DE QXU ZHQQ9RUWHLOH GHV*HQRPH(GLWLQJV HWZD YRQ










'LH (QWZLFNOXQJ YRQ *HQRPH (GLWLQJ9HUIDKUHQ KDW HWKLVFKH 5HIOH[LRQHQ DQJHVWRVVHQ 'LH
XQWHUVXFKWHQ 'HEDWWHQ ]X*HQRPH (GLWLQJ LQ GHU +XPDQPHGL]LQ VFKOLHVVHQ DQ YHUJDQJHQH
XQGODXIHQGH'HEDWWHQ]XU*HQWKHUDSLH]XU3UlLPSODQWDWLRQVGLDJQRVWLNRGHU]XU)RUVFKXQJDQ
HPEU\RQDOHQ6WDPP]HOOHQDQ'HUHLQJHEUJHUWH%HJULII©*HQRPH(GLWLQJªYHUPLWWHOWJU|VVHUH












WKHUDSHXWLVFKHP =LHO ZHUGHQ GHPHQWVSUHFKHQG HWKLVFK DOOJHPHLQ SRVLWLY EHZHUWHW VRODQJH
HLQH XPIDVVHQGH5LVLNRDEZlJXQJ YRUJHQRPPHQZLUG .HLPEDKQHLQJULIIHZHUGHQ DOV GHU]HLW
QLFKWHWKLVFKYHUDQWZRUWEDUHLQJHVFKlW]WGLH%HXUWHLOXQJGHUSULQ]LSLHOOHQ/HJLWLPLWlW]XNQIWL
JHU(LQJULIIHJHKWMHGRFKDXVHLQDQGHU
'LH$QDO\VHKDWPHKUHUH*UQGH LGHQWLIL]LHUW GLH LPSOL]LWHQXQGH[SOL]LWHQ)RUGHUXQJHQQDFK
HLQHP0RUDWRULXPYRQ.HLPEDKQHLQJULIIHQ]XJUXQGHOLHJHQ(LQ0RUDWRULXPVROOH=HLWYHUVFKDI
IHQ XPGHQJHVHOOVFKDIWOLFKHQ'LVNXUV EHU.HLPEDKQHLQJULIIH ]X I|UGHUQ RGHU )UDJHQ QDFK
WHFKQLVFKHQXQGNOLQLVFKHQ5LVLNHQYRQ(LQJULIIHQZLVVHQVFKDIWOLFK]XNOlUHQ0RUDWRULXPVIRU
GHUXQJHQEOHLEHQMHGRFKPLWXQWHUYDJHKLQVLFKWOLFKGHU]HLWOLFKHQ%HJUHQ]XQJGHU9RUJHKHQV








UHQ ODVVHQ 'LH GXUFKJHIKUWH H[SORUDWLYH 8QWHUVXFKXQJ GHU:DKUQHKPXQJ XQG$QZHQGXQJ
YRQ*HQRPH(GLWLQJ6\VWHPHQVRZLHGHU%HXUWHLOXQJLKUHU5HOHYDQ]XQG$XVZLUNXQJHQVRZLH
GHU 5DKPHQEHGLQJXQJHQ GXUFK 6FKZHL]HU 8QWHUQHKPHQ KDW JH]HLJW GDVV GLH JHVHOOVFKDIW
OLFKH$N]HSWDQ]HLQ]HQWUDOHV.ULWHULXPLQhEHUOHJXQJHQ]XPXQWHUQHKPHULVFKHQ(LQVDW]YRQ
*HQRPH (GLWLQJ9HUIDKUHQ GDUVWHOOW$OV ZHLWHUH ZLFKWLJH )DNWRUHQ LQ GHQ hEHUOHJXQJHQ GHU
8QWHUQHKPHQZXUGHGLH9HUIJEDUNHLWDQGHUHUHWDEOLHUWHU9HUIDKUHQZLH]%NODVVLVFKH=FK
WXQJVPHWKRGHQJHQDQQW
'LH |NRQRPLVFKHQ ,PSOLNDWLRQHQ YRQ *HQRPH (GLWLQJ IU 6FKZHL]HU 8QWHUQHKPHQ XQG GLH
6FKZHL]HU:LUWVFKDIWVLQGGHU]HLWVFKZHUHLQ]XVFKlW]HQ,P5DKPHQGHU8QWHUVXFKXQJILHOHQ
GLHbXVVHUXQJHQGHUEHIUDJWHQ8QWHUQHKPHQ LQ%H]XJDXI]XNQIWLJH$XVZLUNXQJHQYRQ*H










YRQ'1$SUl]LVHU HLQIDFKHUXQGVFKQHOOHU DOV IUKHUH0HWKRGHQGHU*HQWHFKQLN6LH VWHOOHQ







XQWHUVFKLHGOLFKHQ=ZHFNHQ DQ XQWHUVFKLHGOLFKHQ=HOOHQ XQG2UJDQLVPHQHLQJHVHW]W XQG ODX
IHQGZHLWHUHQWZLFNHOWZHUGHQ -HQDFK YHUZHQGHWHP9HUIDKUHQ GHVVHQ(LQVDW]]LHO XQGGHP
EHKDQGHOWHQ2UJDQLVPXVVWHOOHQVLFKDQGHUHWHFKQLVFKH+HUDXVIRUGHUXQJHQXQGN|QQHQDQGH
UH$XVXQG1HEHQZLUNXQJHQDXIWUHWHQ-HQDFK$QZHQGXQJXQG=LHOVHW]XQJN|QQHQGLHJH
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ





UHQ9HNWRUHQ ]XU(LQEULQJXQJGHU*HQRPH(GLWLQJ6\VWHPH LQGLH =HOOH GLH MHQDFK$UW XQG






YHQWLRQ DQJHSDVVW ZHUGHQ 'DV EHGHXWHW GDVV 3DDUH EHL GHQHQ )lOOH YRQ (UENUDQNKHLWHQ
EHNDQQWVLQGDVVLVWLHUWH5HSURGXNWLRQ±HLQH ,QYLWUR)HUWLOLVDWLRQ ,9)XQG3UlLPSODQWDWLRQV





'LH3Ul]LVLRQYRQ*HQRPH(GLWLQJ9HUIDKUHQ LVW LPPHU LP9HUJOHLFK]X]XYRUJHQXW]WHQ0H
WKRGHQ GHU *HQWHFKQLN ]X VHKHQ *HQRPH (GLWLQJ NDQQ 2II XQG 2Q7DUJHW(IIHNWH KHUYRU
UXIHQGLHXQHUZQVFKWH(IIHNWHDXIGLH)XQNWLRQGHV2UJDQLVPXVRGHUZHLWHUH$XVZLUNXQJHQ
KDEHQN|QQHQ'LH%HXUWHLOXQJGLHVHU$XVZLUNXQJHQLVWQLFKWJHQHUDOLVLHUWP|JOLFK




OLFKH$QVlW]H XQG 0DVVVWlEH ]XU ,GHQWLILNDWLRQ GHUDUWLJHU (IIHNWH ± GHU 6HTXHQ]LHUXQJ GHV





2UJDQLVPHQGHU]HLW VFKZLHULJRGHUXQP|JOLFK'DVLH MHGRFKHLQH]HQWUDOH9RUEHGLQJXQJ IU
GLH.RQWUROOHGHVUHFKWVNRQIRUPHQ(LQVDW]HVYRQ*HQRPH(GLWLQJYRUDOOHP LQGHU/DQGZLUW
VFKDIW XQG /HEHQVPLWWHOSURGXNWLRQ GDUVWHOOW VROOWH GLH .OlUXQJ GHU *UHQ]HQ EHVWHKHQGHU
1DFKZHLVPHWKRGHQ VRZLH GLH )RUVFKXQJ ]X XQG (QWZLFNOXQJ YRQ YHUEHVVHUWHQ 1DFKZHLV
PHWKRGHQ YHUIROJW ZHUGHQ (EHQVR ZlUH ]X NOlUHQ ZHOFKH %HJOHLWPDVVQDKPHQ HUIRUGHUOLFK




































KHUJHKHQGH 1RWZHQGLJNHLWHQ SULQ]LSLHOO JHVHOOVFKDIWOLFK HUZQVFKW VLQG EH]LHKXQJVZHLVH LQ
ZLHIHUQ GLH %HDQWZRUWXQJ GLHVHU )UDJH HLQ]HOQHQ ,QGLYLGXHQ ± HWZD GHQ )RUVFKHULQQHQ XQG
)RUVFKHUQ8QWHUQHKPHULQQHQXQG8QWHUQHKPHUQ3ROLWLNHULQQHQXQG3ROLWLNHUQRGHU OHW]WHQG










GHUDUWLJHU 9HUDQVWDOWXQJHQ N|QQWHQ HUIRUVFKW XQG EHUHLWV EHNDQQWH :HJH ]% %UJHU
ZRUNVKRSVRGHU:LVVHQVFKDIWVFDIpVZHLWHUEHVFKULWWHQEH]LHKXQJVZHLVH IUGDV7KHPD*H
QRPH(GLWLQJDGDSWLHUWZHUGHQ ,QWHUXQGWUDQVGLV]LSOLQlUH)RUVFKXQJNDQQHLQHQ%HLWUDJ]XU




'LH YRQXQWHUVFKLHGOLFKHQ6HLWHQ JHIRUGHUWH EUHLWH |IIHQWOLFKH'HEDWWH EHU*HQRPH(GLWLQJ
XQGGHVVHQXQWHUVFKLHGOLFKHQ$QZHQGXQJHQPXVVHQWODQJHLQHU5HLKHYRQ)UDJHQUHIOHNWLHUW
ZHUGHQXD
x =LHOVHW]XQJ Welche Ziele sind mit einer solchen Debatte verbunden? Was geschieht mit 
den Ergebnissen? Wie werden sie in der weiteren gesellschaftlichen, politischen und 
wissenschaftlichen Praxis berücksichtigt? Welche Themen werden anfangs adressiert? 
x 7HLOQDKPH Wer sollte an der Debatte teilnehmen? Wie werden verschiedene Stakeholder-
gruppen (z. B. Wissenschaftlerinnen und Wissenschaftler, Unternehmerinnen und Unter-
nehmer, Bürgerinnen und Bürger) adäquat eingebunden? Wie kann eine Teilnahme ganz 
unterschiedlicher Bevölkerungsgruppen erreicht werden? Welche Ressourcen (Informa-
tionen, Zeit, Geld etc.) benötigen unterschiedliche soziale Gruppen, damit eine Teilnahme 
für sie möglich ist? 
x 3UR]HVVXQG8PVHW]XQJ Wie muss eine derartige Debatte gestaltet sein, um konstruktiv 
zu sein? Wie kann sie initiiert und moderiert werden? Wie treten verschiedene Akteurinnen 
und Akteure beziehungsweise Gruppen auf Augenhöhe in Kontakt zueinander? Was 
braucht es für einen offenen und vorurteilsfreien Umgang miteinander? Wie wird mit neu 
aufgebrachten Themen umgegangen?
x (UJHEQLVVH Wie sollen die Ergebnisse vorliegen? Was geschieht mit den Ergebnissen? 
Welche Legitimität hat ein in der Debatte gefundener Konsens oder Dissens? Wie werden 
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=XVDPPHQIDVVXQJ 
5HJXOLHUXQJVYHUVXFKHRIWPDOVQXUQRFKXQWHU.RUUHNWXUXQG5HYLVLRQVYRUEHKDOWHUIROJHQ'LH




'HU 6FKZHL]HU %XQGHVUDW KDW NU]OLFK HLQHQ VROFKHQ $QSDVVXQJVYHUVXFK XQWHUQRPPHQ
 LQGHPGXUFKDXVHLQHgIIQXQJGHV5HJXOLHUXQJVUDKPHQVIUGLHYHUlQGHUOLFKHQ
%HGLQJXQJHQQHXHU7HFKQRORJLHQHUNHQQEDU LVW'DVJHOWHQGH*HQWHFKQLNUHFKW VROO QXQPHKU
©ULVLNREDVLHUWªGHQQHXHQ(QWZLFNOXQJHQDQJHSDVVWZHUGHQRKQHGDEHLGDV9RUVRUJHSULQ]LS






x /lVVW VLFK GLH EHDEVLFKWLJWH ©,QQRYDWLRQV|IIQXQJª EHUKDXSW PLW GHQ UHVWULNWLYHUHQ
9RUJDEHQGHU(8YHUHLQEDUHQZHOFKHMHGHQIDOOVYRUOlXILJ%HVWDQGKDEHQZHUGHQ"
x :LHZLUG VLFKHLQHDEZHLFKHQGH5HJXOLHUXQJDXI GHQ LQWHUQDWLRQDOHQ:DUHQYHUNHKUDXV
ZLUNHQ" ,QVRZHLWEOHLEWHVZHLWHUKLQEHLGHU1RWZHQGLJNHLW.HQQ]HLFKQXQJVXQG ,GHQWL
IL]LHUXQJVWHFKQLNHQLP%HUHLFKGHU*HQWHFKQRORJLHZHLWHU]XHQWZLFNHOQ
7URW] GLHVHU UHFKWOLFKHQgIIQXQJ ZLUG GDV VFKZHL]HULVFKH*HQWHFKQLNUHFKW QLFKW RKQH5FN
VLFKWDXIGLHHXURSlLVFKH5HFKWVHQWZLFNOXQJ]XQRYHOOLHUHQVHLQ+LHUGUIWHDOVRDOOHQIDOOVYRQ








WKDQHYHUEHIRUH ,Q WKHSDVW IHZ\HDUV WKHLUDSSOLFDWLRQ LQEDVLFDVZHOODVDSSOLHGUHVHDUFK
KDVJURZQUDSLGO\,QFRQWUDVWWRHDUOLHUJHQHWLFHQJLQHHULQJPHWKRGVLWLVQRORQJHUSRVVLEOHWR











LQ WHUPVRI WKHSRWHQWLDO LPSDFWVRQSHRSOHVRFLHW\DQGWKHHQYLURQPHQW&RQWURYHUVLHVH[LVW
ZLWKUHJDUGWRWKHVHSRWHQWLDOLPSDFWVVDIHW\HWKLFDODVVHVVPHQWVDQGWKHVRFLDOGHVLUDELOLW\RI
YDULRXV DSSOLFDWLRQ VFHQDULRV )XUWKHUPRUH WKH VLWXDWLRQ ZLWK UHVSHFW WR WKH H[LVWLQJ OHJDO
IUDPHZRUN LV DOVR XQGHU GLVFXVVLRQ ,Q WKH ILHOGV RI DJULFXOWXUH DQG IRRG SURGXFWLRQ WKHUH LV
GLVDJUHHPHQWRQKRZJHQRPHHGLWHGRUJDQLVPVVKRXOGEHFODVVLILHGDWWKHOHJDOOHYHO
2EMHFWLYHVRIWKHVWXG\
7KLV LQWHUGLVFLSOLQDU\ DVVHVVPHQW RI WHFKQRORJLFDO LPSDFWV IRFXVHV RQ JHQRPH HGLWLQJ WHFK
QLTXHVDQGWKHLUXVHLQYDULRXVDUHDVRIDSSOLFDWLRQLQFOXGLQJKXPDQPHGLFLQHHJ[HQRWUDQV










WKH VWXG\ DOVR LGHQWLILHV DQG GLVFXVVHV SRWHQWLDO HFRQRPLF LPSOLFDWLRQV RI JHQRPH HGLWLQJ LQ
6ZLW]HUODQG




x 5HVHDUFK HYDOXDWLRQ DQG GLVFXVVLRQ RI VSHFLDOLVHG OLWHUDWXUH FRPELQHG ZLWK TXDOLWDWLYH
LQWHUYLHZVZLWKVSHFLDOLVWV LQ WKH ILHOG IRUPWKHEDVLV IRU WKHDQDO\VLVDQG LGHQWLILFDWLRQRI
WKH WHFKQLFDO SRWHQWLDOV DQG OLPLWDWLRQV RI JHQRPH HGLWLQJ IRU YDULRXV SXUSRVHV WRJHWKHU
ZLWKDQDVVHVVPHQWRIWKHDVVRFLDWHGULVNVRSSRUWXQLWLHVDQGRWKHULPSDFWV
x :RUNVKRSVZLWK6ZLVVVWDNHKROGHUVLQWURGXFHGLIIHUHQWVRFLDOSHUVSHFWLYHVLQWRWKHSURMHFW




x $QDO\VLV RI VHOHFWHG VWDWHPHQWV RI SRVLWLRQ FLUFXPVFULEHV WKH HWKLFDO GHEDWH RQ JHQRPH
HGLWLQJUHODWLQJWRKXPDQPHGLFLQH






*HQRPH HGLWLQJ PHWKRGV VXFK DV ]LQF ILQJHU QXFOHDVHV =)1V WUDQVFULSWLRQ DFWLYDWRUOLNH
HIIHFWRU QXFOHDVHV 7$/(1V DQG FOXVWHUHG UHJXODUO\ LQWHUVSDFHG VKRUW SDOLQGURPLF UHSHDWV
&5,635 FRPSULVH D ³VHQVRU´ SURWHLQ RU 51$ DQG D ³FOHDYHU´ QXFOHDVH 7KH\ FDQ EH
HQJLQHHUHGVRWKDWWKH³VHQVRU´DGKHUHVWRDSUHGHILQHG'1$ORFXVZKHUHWKH³FOHDYHU´WKHQ
SURGXFHVDGRXEOHVWUDQGEUHDN7KH ODWWHU LQLWLDWHVFHOO UHSDLUPHFKDQLVPV WKDWDUHXVHG IRU
PDNLQJ WKH WDUJHWHG'1$PRGLILFDWLRQ*HQRPHHGLWLQJ FDQ NQRFNRXW JHQHV NQRFN LQ'1$
VHFWLRQV RU GHOHWH HQWLUH VHTXHQFHV ,W LV SRVVLEOH WRPRGLI\'1$ZLWKRXW EULQJLQJ LQ IRUHLJQ
'1$ RU WR LQWURGXFH '1$ WHPSODWHV RI WKH VDPH VSHFLHV FLVJHQH RU RI D IRUHLJQ VSHFLHV
WUDQVJHQH &5,635 V\VWHPV DUH WKH PRVW IUHTXHQWO\ GHSOR\HG JHQRPH HGLWLQJ V\VWHPV
&RPSDUHGZLWK=)1VDQG7$/(1V WKH\DUH WKHVLPSOHVWDQGPRVWFRVWHIIHFWLYH WRSURGXFH
DQGFDQHYHQVLPXOWDQHRXVO\JLYHULVHWRPXOWLSOHJHQHWLFPRGLILFDWLRQV
'HVSLWH WKHKLJKHUSUHFLVLRQDQGVLPSOHUDSSOLFDWLRQRIJHQRPHHGLWLQJV\VWHPV WKH\ IDFHD
QXPEHU RI WHFKQLFDO FKDOOHQJHV LI WKH JHQRPH HGLWLQJ V\VWHP FOHDYHV DW DQ XQGHVLUHG'1$
ORFXVWKLVFDQUHVXOWLQRIIWDUJHWHIIHFWVZKLFKLQFHUWDLQFLUFXPVWDQFHVFDQKDYHDQHIIHFWRQ




RI WKH LQWHUYHQWLRQRU JLYH ULVH WR RWKHU HIIHFWV2WKHU FKDOOHQJHV LQFOXGH WKH LQVHUWLRQ RI JH
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
QRPH HGLWLQJ V\VWHPV LQWR WKH WDUJHWHG FHOOV ZLWK WKH DLG RI GLIIHUHQW YHFWRUV DQG D ODFN RI
NQRZOHGJHDERXWWKHIXQFWLRQRIJHQHVDQGWKHLULQWHUDFWLRQV
;HQRWUDQVSODQWDWLRQ
7KH WHUP ³[HQRWUDQVSODQWDWLRQ´ UHIHUV WR WKH WUDQVSODQWDWLRQ RI FHOOV WLVVXHV DQG RUJDQV
EHWZHHQGLIIHUHQWVSHFLHV;HQRWUDQVSODQWDWLRQEHWZHHQSLJVDQGKXPDQVLVEHLQJUHVHDUFKHG
ZLWKDYLHZWRRYHUFRPLQJWKHH[LVWLQJVKRUWDJHRIKXPDQGRQRURUJDQV*HQHWLFPRGLILFDWLRQ
RI SLJVDVDQRUJDQVRXUFH LVDSUHUHTXLVLWH LQRUGHU WRDYRLG VWURQJ UHMHFWLRQ UHDFWLRQV WRD
IRUHLJQRUJDQ LPSODQWHG LQDKXPDQERG\*HQRPHHGLWLQJERWKVLPSOLILHVDQGVSHHGVXSWKH
JHQHWLF PRGLILFDWLRQ RI SLJV ,Q DGGLWLRQ JHQRPH HGLWLQJ FDQ EH XVHG WR UHPRYH SRWHQWLDOO\
KDUPIXO UHWURYLUXVHV IURP D SLJ¶V JHQRPH ,Q H[SHULPHQWV ZLWK EDERRQV VLJQLILFDQWO\ ORQJHU
VXUYLYDO WLPHVZHUH DFKLHYHG IRU WKH RUJDQ UHFLSLHQWV XVLQJ DGDSWHGPHGLFDWLRQ DQG RUJDQV
IURPSLJVWKDWKDGEHHQJHQRPHHGLWHGPXOWLSOHWLPHVHVSHFLDOO\IRURUJDQVVXFKDVWKHKHDUW
DQGNLGQH\V'HVSLWHWKHKLJKH[SHFWDWLRQVQRFOLQLFDOVWXGLHVKDYHEHHQFDUULHGRXWWRGDWHRQ
KXPDQV LQYROYLQJ RUJDQV IURP JHQRPHHGLWHG SLJV ,UUHVSHFWLYH RI WKH SRWHQWLDOO\ VXFFHVVIXO
UHDOLVDWLRQ RI [HQRWUDQVSODQWDWLRQ HWKLFDO FRQWURYHUVLHV FRQWLQXH WR H[LVW UHJDUGLQJ DQLPDOV¶
ULJKWV LGHQWLW\ LVVXHVDQGXQGHVLUDEOHVRFLDO VLGHHIIHFWV5HGHVLJQLQJ WKHH[LVWLQJV\VWHPRI




JHQRPH7KH LQYROYHGJHQHVDUHPRGLILHG LQ WKHVRPDWLFFHOOVHLWKHUGLUHFWO\ LQ WKHERG\ in 
vivoRU LQFHOOVRXWVLGHWKHERG\ex vivo LQ WKH ODERUDWRU\in vitroZKLFKDUHVXEVHTXHQWO\
LPSODQWHG LQ WKHSDWLHQW¶VERG\7KHPRGLILFDWLRQVDUHQRW LQKHULWHGE\ WKHSDWLHQW¶VRIIVSULQJ
6RPDWLFJHQH WKHUDS\VWUDWHJLHV IRFXVRQ WKHKHDOLQJRIJHQHWLFGLVHDVHV WKHHOLPLQDWLRQRI
UHWURYLUXVHV LQ WKHSDWLHQW¶VJHQRPHHJKXPDQ LPPXQRGHILFLHQF\YLUXV+,9QHZIRUPVRI
LPPXQRWKHUDS\ LQFDQFHUSDWLHQWVDQGGLUHFWFRPEDWLQJRIFDQFHUFHOOV6RPDWLFJHQH WKHUD







ZKLOH WKHUDSLHV LQYROYLQJ &5,635&DV DUH FXUUHQWO\ LQ WKH GHYHORSPHQW VWDJH 2QH RI WKH
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([HFXWLYH6XPPDU\ 
*HUPOLQHWKHUDS\
*HUP OLQH FHOOV FRQWDLQ WKH FRPSOHWH JHQHWLF LQIRUPDWLRQ WKDW FDQ EH LQKHULWHG E\ RIIVSULQJ
*HUP OLQH WKHUDS\ FKDQJHV WKH'1$RI RIIVSULQJE\JHQHWLFDOO\PRGLI\LQJ WKHRYD SUHFXUVRU
VSHUPFHOOVVSHUPDWR]RDRU IHUWLOLVHGRYD7KHSUHYHQWLRQRIKHUHGLWDU\GLVHDVHV LV UHJDUGHG
DVWKHSULQFLSDOJRDORIJHUPOLQHWKHUDS\WKRXJKLWFRXOGDOVREHXVHGIRUVHOHFWLQJRUHQKDQF
LQJJHQHWLFDOO\UHODWHGTXDOLWLHVKXPDQHQKDQFHPHQW
7KH IXQFWLRQVDQG LQWHUDFWLRQVRIJHQHV LQKXPDQEHLQJVDUHQRW \HW VXIILFLHQWO\XQGHUVWRRG





















ELRWLF RU DELRWLF VWUHVV LPSURYH WKH TXDOLW\ RI IRRGVWXIIV DQG DQLPDO IHHGV DQGPRGLI\ RWKHU
DJURQRPLFWUDLWV,QLWLDOILHOGWULDOVZLWKPRGLILHGSODQWVKDYHDOUHDG\EHHQUHJLVWHUHGLQWKH86$
DQG (XURSH IRU H[DPSOH IRU UDSHVHHG SRWDWRHV DQG SRSODUV 5DSHVHHG DQG VR\DPRGLILHG
WKURXJKJHQRPHHGLWLQJ DUH DOUHDG\EHLQJ FRPPHUFLDOO\ FXOWLYDWHGDQGPDUNHWHG LQ WKH86$
DQG&DQDGD
$ORQJVLGH WKH WHFKQLFDO DGYDQWDJHV RI JHQRPHHGLWLQJ PRGLI\LQJ SODQWV LVPRUH SUHFLVH DV
ZHOODVVLPSOHUDQGTXLFNHUWKHSURSRQHQWVRIWKHXVHRIJHQHWLFHQJLQHHULQJLQDJULFXOWXUHVHH
IXUWKHU SRWHQWLDO LQ WKH IDFW WKDW H[LVWLQJ UHJXODWLRQV DQG VWLJPDV DVVRFLDWHG ZLWK JHQHWLFDOO\
PRGLILHG RUJDQLVPV FDQEHDYRLGHG ,I VHOHFWLYH RUPLQRUPRGLILFDWLRQVRI D SODQW¶V'1$DUH
FDUULHG RXW ZLWK WRGD\¶V WHFKQRORJ\ WKH UHVXOWLQJPRGLILFDWLRQV FDQQRW EH GLVWLQJXLVKHG IURP
WKRVH JHQHWLF FKDQJHV WKDW WDNH SODFH ZLWKLQ WKH VFRSH RI FRQYHQWLRQDO EUHHGLQJ RU QDWXUDO
PXWDWLRQ ,Q WKH86$DQGFHUWDLQRWKHUFRXQWULHVSODQWV WKDWKDYHEHHQPRGLILHG WKURXJKJH
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
QRPHHGLWLQJDUHQRWFODVVLILHGDVJHQHWLFDOO\PRGLILHGRUJDQLVPV*02VZKLFKUHGXFHVGH
YHORSPHQW DQGDSSURYDO FRVWV DQG IDFLOLWDWHVPDUNHW DFFHVV7KH(XURSHDQ&RXUW RI -XVWLFH
KDVFODVVLILHGWKHPDV*02VKRZHYHU6ZLW]HUODQGFRXOGHLWKHUDGRSWWKHODWWHUFODVVLILFDWLRQ
RUFKRRVHDPRUHOLEHUDODSSURDFK




IDFWRUV 7KH SRWHQWLDO HQYLURQPHQWDO DQG KHDOWK ULVNV DVVRFLDWHG ZLWK JHQRPHHGLWHG SODQWV
FDQQRWEHHYDOXDWHGRQDJHQHUDOEDVLVEXW UDWKHU UHTXLUHDFDVHE\FDVHDVVHVVPHQWFRP
PHQVXUDWHZLWK WKH W\SH RIPRGLILFDWLRQ WKH WDUJHW RUJDQLVPDQG WKH LQWHQGHGSXUSRVH8Q






,Q WKH ILHOGRIDQLPDOEUHHGLQJJHQRPHHGLWLQJPHWKRGVKDYH WKHSRWHQWLDO WRVLJQLILFDQWO\ LQ
FUHDVHWKHHIILFLHQF\DQGSUHFLVLRQRIJHQHWLFPRGLILFDWLRQSURFHVVHVLQFRPSDULVRQZLWKFRQ
YHQWLRQDOJHQHWLFHQJLQHHULQJDQGRWKHUWHFKQLTXHV5HVHDUFKDQGGHYHORSPHQWDUHEHLQJFDU
ULHG RXW LQ OLQHZLWK WKH FRQYHQWLRQDO REMHFWLYHV RI DQLPDO EUHHGLQJ WR LQFUHDVH WKH DQLPDOV¶
UHVLVWDQFHWRGLVHDVHEXLOGXSPXVFOHWLVVXH LPSURYHWKHTXDOLW\RIPLONRUEULQJDERXWRWKHU
GHVLUDEOHFKDUDFWHULVWLFVHJKRUQOHVV OLYHVWRFNFKDQJHV LQ WKHTXDOLW\RIVKHHS¶VZRRO5H
VHDUFKLVDOVREHLQJFDUULHGRXWLQWKHHYROYLQJILHOGRI³ELRSKDUPLQJ´LQZKLFKDQLPDOVSURGXFH













4XHVWLRQV DOVR DULVH IRU H[DPSOH FRQFHUQLQJ WKH QDWXUDOQHVV RI VXFK LQWHUYHQWLRQV DQG WKH
OHJDOO\ DQFKRUHG GLJQLW\ RI DQLPDOV LQ WKH 6ZLVV FRQWH[W )XUWKHUPRUH WKH GHJUHH RI DF
FHSWDQFHRIIRRGVWXIIVIURPVXFKDQLPDOVDQGIURPPRGLILHGSODQWVUHPDLQVXQFHUWDLQ














DUHSURGXFHG VR WKDWXOWLPDWHO\ WKHRYHUDOO SRSXODWLRQZRXOGEH UHGXFHGDQGHYHQWXDOO\ FRO
ODSVHDQGWKHWUDQVPLVVLRQRIPDODULDZRXOGWKXVEHUHVWULFWHG,QWKHILHOGRIDJULFXOWXUHJHQH












DEOH7KHLUSRVVLEOHPLVXVHRUDSSOLFDWLRQ IRUPLOLWDU\SXUSRVHV UHSUHVHQWVDQRWKHU VRXUFHRI
ULVN7KHH[WHQWWRZKLFKWKHFXUUHQWULVNDVVHVVPHQWSURFHVVHVDQGOHJDOSURYLVLRQVVXIILFHIRU
WKHXVHRIJHQHGULYHVQHHGVWREHFODULILHG+HUHIRUHVHHDEOHFKDOOHQJHVFRXOGDULVHLQDVVR
FLDWLRQZLWK WKH GHYHORSPHQW RI VXLWDEOHPHWKRGV IRU DVVHVVLQJ ULVNV DQG WKHJRYHUQDQFHRI
JHQHGULYHV
/HJDOFRQWH[WDQGUHJXODWLRQRIJHQRPHHGLWLQJLQ6ZLW]HUODQG
'HSHQGLQJ RQ WKH LQWHQGHG XVH RI JHQRPH HGLWLQJ YDULRXV QDWLRQDO DQG LQWHUQDWLRQDO OHJDO
SURYLVLRQVDQGIUDPHZRUNFRQGLWLRQVH[LVWWKDWJRYHUQLWVDSSOLFDWLRQLQDYDULHW\RIDUHDV
,Q6ZLW]HUODQGERWKLQFOLQLFDOWULDOVDQGDVVWDQGDUGWKHUDSLHVxenotransplantationsKDYHWREH
RIILFLDOO\ DSSURYHG GXH WR WKH DVVRFLDWHG LQIHFWLRQ DQG KHDOWK ULVNV IRU KXPDQ EHLQJV EXW LQ
SULQFLSOH WKH\ DUH SHUPLWWHG IRU WKHUDSHXWLF SXUSRVHV /HJDO SURYLVLRQV H[LVW LQ 6ZLW]HUODQG
JRYHUQLQJ SUH DQG DIWHUFDUHZKLFK FRQFHUQ WKH SURWHFWLRQ RI WKH SDWLHQW DV ZHOO DV RI WKH
DQLPDO DV WKH RUJDQ VRXUFH DQG WKH HQYLURQPHQW LQ JHQHUDO HJ SUHYHQWLRQ RI WKH ULVN RI
LQIHFWLRQ RI WKLUG SDUWLHV +HUH WKH ULVNV DQG EHQHILWV KDYH WR EH FDUHIXOO\ ZHLJKHG XS ,Q
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
DGGLWLRQSURYLVLRQV UHODWLQJ WR WKHGLJQLW\RIDQLPDOVDOVRKDYH WREHFRPSOLHGZLWK*HQRPH
HGLWLQJKDVWKHSRWHQWLDOWRDOWHUWKHULVNDVVHVVPHQWRI[HQRWUDQVSODQWDWLRQDERYHDOOWKURXJK
WKHUHGXFWLRQRIUHMHFWLRQUHDFWLRQVDQGWKHWKUHDWSRVHGE\UHWURYLUXVHV
Somatic therapy LVSHUPLVVLEOH LQ6ZLW]HUODQG LI LW LVFDUULHGRXW IRUGLDJQRVWLF WKHUDSHXWLFRU
SUHYHQWLYHSXUSRVHV%\FRQWUDVWgerm line interventionsDUHSURKLELWHGLQ6ZLW]HUODQGERWKE\
QDWLRQDO OHJLVODWLRQDQGLQDFFRUGDQFHZLWKWKHUDWLILHG%LRPHGLFLQH&RQYHQWLRQ$WSUHVHQW LQ
YLHZRI WKH LQVXIILFLHQWVWDWXVRINQRZOHGJHDQGXQFHUWDLQ WHFKQRORJ\ WKHSURKLELWLRQ LVVWLOOD
PDWWHURIFRQWHQWLRQEXWWKLVFRXOGFKDQJHLIWKHULVNEHQHILWUDWLRVKRXOGEHLPSURYHGWKURXJK
IXUWKHUUHVHDUFKDQGGHYHORSPHQW,QWKHFRQWH[WRIEDVLFUHVHDUFKWKHTXHVWLRQDULVHVFRQFHU
QLQJWKHUHJXODWLRQRIembryo research with genome editing:KLOHUHVHDUFKRQVXSHUQXPHUDU\
HPEU\RVDQG WKHSURGXFWLRQRIHPEU\RV IRU UHVHDUFKSXUSRVHVDUHSURKLELWHG LQ6ZLW]HUODQG
ODERUDWRU\UHVHDUFKRQHPEU\RQLFVWHPFHOOVIURPVXSHUQXPHUDU\HPEU\RVLVSHUPLWWHG






SOLHV WR WKRVHPHWKRGVZKLFK±DW WKHWLPHWKLV OHJDOGHILQLWLRQZDVIRUPXODWHG±ZHUHXQGHU
VWRRG WREHSURFHVVHVZLWKLQ WKLVFDWHJRU\%\FRQWUDVWRUJDQLVPVPRGLILHG WKURXJKJHQRPH
HGLWLQJZHUHFODVVLILHGDV*02V6ZLW]HUODQGKDVWKHRSWLRQRIDELGLQJE\WKLVUDWKHUUHVWULFWLYH
LQWHUSUHWDWLRQ RI WKH(8 UHJXODWLRQ RU GHYHORSLQJ DPRUH OLEHUDO DQGPRUH LQQRYDWLRQIULHQGO\
UHJXODWLRQJRYHUQLQJJHQRPHHGLWLQJ7KH³GLJQLW\RIOLYLQJEHLQJV´FODXVHODLGGRZQLQ6ZLW]HU
ODQG¶VIHGHUDOFRQVWLWXWLRQIXUWKHUGHILQHVWKHVFRSHRIXWLOLVDWLRQRIJHQRPHHGLWLQJRQO\LIWKH
EHQHILWVRIJHQRPHHGLWLQJ HJRI OLYHVWRFNDUHVXIILFLHQWO\ VXEVWDQWLDWHGPD\ WKHGLJQLW\RI




GLYHUVLW\ DOVRZLWK UHVSHFW WR LPSDFWV WKDW PD\H[WHQGEH\RQGQDWLRQDO ERUGHUV7KHVHDV
SHFWVDUHDGGUHVVHG LQ LQWHUQDWLRQDO WUHDWLHVVXFKDV WKH&DUWDJHQD3URWRFRO ZKLFKDOVRDG






WHUP³JHQRPHHGLWLQJ´ LPSOLHVKLJKHUSUHFLVLRQDQGD ORZHUVXVFHSWLELOLW\ WRHUURUVRI WKHQHZ
PHWKRGV DV FRPSDUHG WR WKH HDUOLHUPHWKRGV ZKLFK DUH VXEVXPHG XQGHU WKH WHUP ³JHQHWLF
HQJLQHHULQJ´
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([HFXWLYH6XPPDU\ 
,QYLHZRI WKH UHODWLYHQHZQHVVRIJHQRPHHGLWLQJDQG WKHXQFHUWDLQWLHV UHJDUGLQJHIIHFWLYHO\
UHDOLVDEOH DSSOLFDWLRQV WKH GHEDWH RQ HWKLFDO DVSHFWV LV WDNLQJ SODFH DW D K\SRWKHWLFDO OHYHO
ZKHUHERWKIHDUVDQGKRSHVDUHSUHVHQW7KHVWDWHPHQWVRISRVLWLRQYDU\EHWZHHQDFDXWLRXV
DQGVRPHZKDWVFHSWLFDODSSURDFK WR UHVHDUFK LQYLHZRI WKHXQFHUWDLQW\DQG LUUHYHUVLELOLW\RI
VRPH SURFHGXUHV HJ JHUP OLQH LQWHUYHQWLRQV DQG D SRVLWLYH DSSURDFK WR DOO W\SHV RI UH
VHDUFKDVORQJDVWKHDVVRFLDWHGULVNVKDYHEHHQVXIILFLHQWO\FODULILHG2QHRIWKHFHQWUDOWRSLFV
XQGHUGLVFXVVLRQFRQFHUQVWKHGLVWLQFWLRQEHWZHHQWKHUDS\DQGHQKDQFHPHQW±KHUHWKHPDLQ
SUREOHP LV WKDW LW LV GLIILFXOW WR FOHDUO\ GLVWLQJXLVK EHWZHHQ WKH WZR 7KHUDSHXWLF DSSOLFDWLRQV
LQWHQGHGWRKHDOGLVHDVHVDUHDOZD\VDZDUGHGDKLJKHUGHJUHHRIHWKLFDOOHJLWLPDF\WKDQLQWHU
YHQWLRQVDLPHGDWEULQJLQJDERXWDQHQKDQFHPHQW7KXV VRPDWLF LQWHUYHQWLRQVZLWKD WKHUD
SHXWLFREMHFWLYHDUHJHQHUDOO\PRUHSRVLWLYHO\DSSUDLVHGIURPDQHWKLFDOSRLQWRIYLHZDVORQJ
DVDFRPSUHKHQVLYH ULVNDVVHVVPHQW LV FDUULHGRXW*HUP OLQH LQWHUYHQWLRQVDUHFXUUHQWO\ UH
JDUGHG DV HWKLFDOO\ LQGHIHQVLEOH KRZHYHU WKHUH LV GLVDJUHHPHQW UHJDUGLQJ WKH IXQGDPHQWDO
OHJLWLPDF\RIIXWXUHLQWHUYHQWLRQV
7KHDQDO\VLVLGHQWLILHGDQXPEHURIDUJXPHQWVRQZKLFKLPSOLFLWDQGH[SOLFLWFDOOVIRUDPRUDWR
ULXP RQ JHUP OLQH LQWHUYHQWLRQV DUH EDVHG$PRUDWRULXPZRXOG SURYLGH WKH QHFHVVDU\ WLPH
IUDPHIRUIRVWHULQJVRFLDOGHEDWHRQJHUPOLQHLQWHUYHQWLRQVRUIRUVFLHQWLILFDOO\FODULI\LQJLVVXHV
UHODWLQJWRWHFKQLFDODQGFOLQLFDOULVNVDVVRFLDWHGZLWKVXFKLQWHUYHQWLRQV%XWFDOOVIRUDPRUDWR




H[SHFWDWLRQV DQG LQWHUHVWV &RPSDQLHV LQ WKH IRRGVWXIIV SKDUPDFHXWLFDOV DQG ELRWHFKQRORJ\
VHFWRUVKDYHDOUHDG\SDWHQWHG UHOHYDQWSURGXFWVDQGDSSOLFDWLRQV7KHH[SORUDWRU\VXUYH\RQ
WKHDZDUHQHVVDQGXVHRIJHQRPHHGLWLQJV\VWHPVDQGWKHDVVHVVPHQWE\6ZLVVFRPSDQLHVRI
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
&RQFOXVLRQV
:LWKJHQRPHHGLWLQJ WHFKQLTXHV LQSDUWLFXODU&5,635V\VWHPV LW LVSRVVLEOH WRPRGLI\'1$











DQG DSSUDLVDOVPD\ DOVR GLIIHU GHSHQGLQJ RQ WKH DSSOLFDWLRQ DQG REMHFWLYH*HQRPH HGLWLQJ
PHWKRGVFDQQRWEHDVVHVVHGJOREDOO\EXWUDWKHUVKRXOGEHFRQVLGHUHGLQDGLIIHUHQWLDWHGZD\
,Q WKHLUDSSOLFDWLRQJHQRPHHGLWLQJPHWKRGVJRKDQG LQKDQGZLWKDYDULHW\RIRWKHU WHFKQRO


















LQJ6\VWHPDWLF UHVHDUFK LQWR RII DQGRQWDUJHW HIIHFWVZRXOG VHHP WR EHD FRQVWUXFWLYH DS
SURDFK WREHWWHU DVVHVVLQJ WKHSUHFLVLRQDQGVDIHW\RI JHQRPHHGLWLQJ WHFKQLTXHV LQ YDULRXV
DUHDVRIDSSOLFDWLRQ&XUUHQWUHVHDUFKDSSOLHVGLIIHUHQWDSSURDFKHVDQGVWDQGDUGVIRULGHQWLI\






















UHQWO\ IRUPXODWLQJ SUHGLFWLRQV DQG H[SHFWDWLRQV UHJDUGLQJ WKH IXWXUH VXFFHVVIXO UHDOLVDWLRQ RI
LQWHUYHQWLRQVDQGSRWHQWLDO LPSDFWV IRUZKLFKWKHHPSLULFDOEDVLV LVXQFHUWDLQ3UHGLFWLRQVDQG
H[SHFWDWLRQVVKRXOGEHFULWLFDOO\DQDO\VHGDQGTXHVWLRQHGWDNLQJ LQWRFRQVLGHUDWLRQWKHK\SHV
































7KH EURDGEDVHG SXEOLF GHEDWH RQ JHQRPHHGLWLQJ DQG LWV YDULRXV DSSOLFDWLRQV FDOOHG IRU E\
GLIIHUHQWSDUWLHVKDVWRDGGUHVVDUDQJHRITXHVWLRQVLQFOXGLQJ
x 2EMHFWLYHV Which objectives are associated with such a debate? What happens with the 
results? How will these be taken into account in future social, political and scientific 
practice? Which topics will initially be addressed? 
x 3DUWLFLSDWLRQ Who should participate in the debate? How will the various stakeholders 
(scientists, entrepreneurs, citizens, etc.) be adequately incorporated into the debate? How 
can the participation of widely differing population groups be achieved? Which resources 
(information, time, financing, etc.) do the various social groups need so that participation is 
possible for them? 
x 3URFHVVDQGLPSOHPHQWDWLRQ What form should a debate of this nature take so that it can 
be rendered constructive? How can it be initiated and moderated? How can the various 
players and groups enter into contact with one another on an equal footing? What is 
required in order to ensure an open and non-discriminatory approach to one another? How 
will newly raised issues be dealt with?
x 5HVXOWV How are the results to be presented? What happens with the results? What 
degree of legitimacy will a consensus or dissent found in the debate have? How will the 




KDUGHQHG SROLWLFDO IURQWV XQFHUWDLQ FRQVHTXHQFHVRI WHFKQRORJLHV DQG WKHLU UHJXODWLRQ DQG D
GLYHUVLW\RILQVRPHFDVHVXQIRUHVHHDEOHVFHQDULRVWRFRQVLGHUOHJLVODWLYHDQGUHJXODWRU\GHFL
VLRQPDNLQJPHFKDQLVPVKDYHWREHFUHDWHGWKDWDUHVXIILFLHQWO\IOH[LEOHWRDFFRPPRGDWHWKH
XQFHUWDLQ FRQIOLFW VLWXDWLRQV LQ WKH DUHD RI QHZ WHFKQRORJLHV 7RGD\¶V ULVN VRFLHW\ ILQGV LWVHOI
FRQIURQWHGZLWK SUREOHPV WKDW DUH EH\RQG WKH VSHFLILF LQIOXHQFH RI WKH VWDWH(VSHFLDOO\ZLWK
UHVSHFW WRQHZWHFKQRORJLHVUHJXODWRU\HIIRUWVFDQRIWHQRQO\SURFHHGRQFRQGLWLRQRIFRUUHF
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([HFXWLYH6XPPDU\ 
WLRQDQG UHYLVLRQ7KHRQJRLQJDGDSWDWLRQRIGHFLVLRQVDOUHDG\ LPSOHPHQWHGFDQ WKHQEHDV
VXUHG WKURXJKFRQFHSWVRI VKDUHG UHVSRQVLELOLW\ UHIOH[LYH UHJXODWLRQ VHOIUHJXODWLRQRUSURFH
GXUDOLVDWLRQ IRU H[DPSOH E\ VWHSE\VWHS GHFLVLRQPDNLQJ SURFHVVHV DW WKH OHJDO DSSOLFDWLRQ
OHYHO
7KH 6ZLVV )HGHUDO &RXQFLO UHFHQWO\ PDGH VXFK DQ DWWHPSW DW DGDSWDWLRQ RQ  1RYHPEHU











x :KDW HIIHFW ZLOO D GHYLDWLQJ UHJXODWLRQ KDYH RQ FURVVERUGHU WUDGH" ,Q WKLV UHVSHFW WKLV
FRQWLQXHV WR FRQFHUQ WKHQHFHVVLW\ WR IXUWKHUGHYHORS ODEHOOLQJDQG LGHQWLILFDWLRQ WHFKQRO
RJLHVLQWKHILHOGRIJHQHWLFHQJLQHHULQJ
'HVSLWHWKLVUHJXODWRU\OLEHUDOLVDWLRQ6ZLW]HUODQGZLOOQRWEHDEOHWRUHYLVHLWVOHJLVODWLRQJRYHUQ
LQJ JHQHWLF HQJLQHHULQJ ZLWKRXW WDNLQJ DFFRXQW RI WKH GHYHORSPHQW RI (XURSHDQ OHJLVODWLRQ















\ UHFRXUWSRXU UHQGUHGHVSODQWHV UpVLVWDQWHVjGHVPDODGLHVHWjGHV LQIOXHQFHVHQYLURQQH
PHQWDOHVRXSRXUPRGLILHUODFURLVVDQFHHWODTXDOLWpGHYpJpWDX['DQVO¶pOHYDJHO¶pGLWLRQJp
QRPLTXHHVWSURPHWWHXVHSRXUDFFURvWUHODUpVLVWDQFHjGHVPDODGLHVDPpOLRUHUODTXDOLWpGHOD
YLDQGHRX FKDQJHU OHV FDUDFWpULVWLTXHVGH FURLVVDQFHGHVDQLPDX['HVDSSOLFDWLRQVGH IRU


















OHV LPSDFWV VRFLDX[ SRVVLEOHV GH FHV SURFpGpV HW GH OHXUPLVH HQ°XYUH (OOH H[DPLQH HQ
RXWUHGDQVTXHOOHPHVXUHOHVREMHFWLIVGHVDSSOLFDWLRQVTXLRQWIDLWXVDJHMXVTX¶LFLG¶DXWUHVPp
WKRGHV GX JpQLH JpQpWLTXH GRLYHQW rWUH UppYDOXpV FRPSWH WHQX GHV SRVVLELOLWpV RIIHUWHV SDU
O¶pGLWLRQJpQRPLTXH(OOHSURFqGHjXQHDQDO\VHGHVFRQGLWLRQVFDGUHVMXULGLTXHVH[LVWDQWHVHW
GHOHXUVSRLQWVG¶DQFUDJHHQYXHGHOHXUDGDSWDWLRQ(OOHFRQVLGqUHOHGLVFRXUVpWKLTXHHWHQ
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5pVXPp 






PLQHU OHVPR\HQVHW OLPLWHV WHFKQLTXHVGH O¶pGLWLRQJpQRPLTXHGDQVGLIIpUHQWVGRPDLQHV
G¶DSSOLFDWLRQHWjpYDOXHUVHVFKDQFHVVHVULVTXHVHWVHVDXWUHVFRQVpTXHQFHV
x 'HV DWHOLHUV DX[TXHOV SDUWLFLSHQW GHVSDUWLHV SUHQDQWHV VXLVVHV H[SORUHQW OHV SHUVSHF
WLYHVVRFLDOHVGHGHX[GRPDLQHVG¶DSSOLFDWLRQGHO¶pGLWLRQJpQRPLTXHODWKpUDSLHJpQLTXH
JHUPLQDOHHWODVpOHFWLRQYpJpWDOH
x 8Q DYLV GH GURLW DQDO\VH OHV FRQGLWLRQVFDGUHV MXULGLTXHV GH GLIIpUHQWHV DSSOLFDWLRQV GH
O¶pGLWLRQJpQRPLTXHHWLGHQWLILHOHVQpFHVVLWpVHWSRVVLELOLWpVOpJLVODWLYHV
x /¶H[DPHQ GH SULVHV GH SRVLWLRQ FKRLVLHV SHUPHW GH FHUQHU OH GLVFRXUV pWKLTXH UHODWLI j
O¶pGLWLRQJpQRPLTXHHQPpGHFLQHKXPDLQH







'HV SURFpGpV G¶pGLWLRQ JpQRPLTXH WHOV TXH =)1 QXFOpDVHV j GRLJW GH ]LQF 7$/(1 QX
FOpDVHVHIIHFWULFHVGHW\SHDFWLYDWHXUGHWUDQVFULSWLRQRX&5,635&OXVWHUHG5HJXODUO\,QWHUV
SDFHG6KRUW3DOLQGURPLF5HSHDWV ©&RXUWHV UpSpWLWLRQVSDOLQGURPLTXHVJURXSpHVHW UpJXOLq
UHPHQWHVSDFpHVª FRQVLVWHQWHQXQH©VRQGHª SURWpLQHRX$51HWGHV©FLVHDX[ª QX
FOpDVH/D©VRQGHªVH OLHjXQVLWHSUpGpILQLGH O¶$'1R OHV©FLVHDX[ªSURGXLVHQWDORUV
XQHFDVVXUHGRXEOHEULQ&HOOHFLLQGXLWGHVPpFDQLVPHVGHUpSDUDWLRQFHOOXODLUHVTXLVRQWH[




j O¶HVSqFH FLVJqQHV RX pWUDQJHUV WUDQVJqQHV /HV V\VWqPHV &5,635 VRQW OHV V\VWqPHV
G¶pGLWLRQJpQRPLTXHOHVSOXVIUpTXHPPHQWXWLOLVpV&RPSDUpVj=)1HWj7$/(1LOVVRQWSOXV
VLPSOHV HW PRLQV FKHUV HW SHXYHQW PrPH SURYRTXHU SOXVLHXUV PRGLILFDWLRQV JpQpWLTXHV HQ
PrPHWHPSV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
(QGpSLWGHOHXUKDXWHSUpFLVLRQHWGHOHXUVLPSOLFLWpG¶XWLOLVDWLRQOHVV\VWqPHVG¶pGLWLRQJpQR











/D [pQRWUDQVSODQWDWLRQ HVW OH WUDQVIHUW GH FHOOXOHV GH WLVVXV HW G¶RUJDQHV HQWUH HVSqFHV GLIIp




(OOH SHUPHW pJDOHPHQW G¶pOLPLQHU GHV UpWURYLUXV SRWHQWLHOOHPHQW GDQJHUHX[GXJpQRPHGH FHV
PDPPLIqUHV/RUVG¶H[SpULPHQWDWLRQDQLPDOHVXUGHVEDERXLQVXQHpGLWLRQJpQRPLTXHPXOWLSOH









/D WKpUDSLH JpQLTXH VRPDWLTXH D SRXU REMHFWLI OD JXpULVRQ FDXVDOH GHPDODGLHV GXHV j GHV
DOWpUDWLRQVGXSDWULPRLQHKpUpGLWDLUH/HVJqQHVHQFDXVHVRQWPRGLILpVGHIDoRQFLEOpHGDQV




JpQpWLTXHV j pOLPLQHU GHV UpWURYLUXV GDQV OH JpQRPH GH OD SHUVRQQH DIIHFWpH S H[ YLUXV
G¶LPPXQRGpILFLHQFHKXPDLQH9,+jREWHQLUGHQRXYHOOHVIRUPHVG¶LPPXQRWKpUDSLHGXFDQFHU
RX j V¶DWWDTXHU GLUHFWHPHQW DX[ FHOOXOHV FDQFpUHXVHV 3OXVLHXUV WKpUDSLHV JpQLTXHV VRPD
WLTXHVRQWpWppODERUpHVWHVWpHVDYHFSOXVRXPRLQVGHVXFFqVHWHQSDUWLHVDXWRULVpHVGpMj
DYDQW OH GpYHORSSHPHQW GH O¶pGLWLRQ JpQRPLTXH4XHOTXHVXQHVGHVSHUVRQQHV WUDLWpHV VRQW
PRUWHVHQUDLVRQG¶HIIHWVVHFRQGDLUHVGHFHWUDLWHPHQWWDQGLVTXHG¶DXWUHVRQWpWpJXpULHV/H
UHFRXUVj ODWKpUDSLHJpQLTXHVRPDWLTXHHVW LQGLTXpHQSUHPLHU OLHXGDQV OHFDVGHPDODGLHV
VDQVDOWHUQDWLYHWKpUDSHXWLTXH
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
5pVXPp 
/¶pGLWLRQ JpQRPLTXH UHQG OD WKpUDSLH JpQLTXH VRPDWLTXH SOXV SUpFLVH SOXV HIILFDFH HW SOXV
VLPSOH 'HV SUHPLqUHV pWXGHV FOLQLTXHV IDLVDQW XVDJH GH =)1 HW GH 7$/(1 VRQW GpMj HQ
FRXUVGHVWKpUDSLHVUHFRXUDQWj&5,635&DVVRQWHQGpYHORSSHPHQW8QGpILPDMHXUFRQ








PRGLILFDWLRQ JpQpWLTXH G¶RYXOHV GH FHOOXOHV SUpFXUVHXUV GHV VSHUPDWR]RwGHV GH VSHUPDWR
]RwGHVRXG¶RYXOHV IpFRQGpV /DSUpYHQWLRQGHPDODGLHVKpUpGLWDLUHVHVW FRQVLGpUpHFRPPH
O¶REMHFWLIFHQWUDOGXUHFRXUVjODWKpUDSLHJpQLTXHJHUPLQDOH&HSHQGDQWXQDXWUHEXWSRXUUDLW
rWUHO¶RSWLPLVDWLRQKXPDLQHSDUODVpOHFWLRQRXO¶DPpOLRUDWLRQGHVDSWLWXGHVJpQpWLTXHV









DXWRULVpHVGH IHUWLOLVDWLRQ LQYLWURHWGHGLDJQRVWLFSUpLPSODQWDWRLUHFHTXLPHWHQTXHVWLRQ OD
QpFHVVLWpG¶LQWHUYHQWLRQVVXUODOLJQpHJHUPLQDOH
/HVVFLHQWLILTXHVHVWLPHQWTXHGHVLQWHUYHQWLRQVVXUODOLJQpHJHUPLQDOHVHURQWHQSULQFLSHSRV
VLEOHV j O¶DYHQLU /HXU XWLOLVDWLRQ HVW HQYLVDJpH DYDQW WRXW GDQV OH FDV GHPDODGLHVPRQRJp
QLTXHV0DLVO¶pWDWDFWXHOGHODVFLHQFHHWGHODWHFKQLTXHHVWMXJpHQFRUHLQVXIILVDQWSRXUDXWR
ULVHU GH WHOOHV LQWHUYHQWLRQV FKH] O¶rWUH KXPDLQ&HTXL Q¶D SDVHPSrFKp TXHGHVSUHPLqUHV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ






VDQV GX UHFRXUV DX JpQLH JpQpWLTXH GDQV O¶DJULFXOWXUH YRLHQW GDQV O¶pGLWLRQ JpQRPLTXH GHV
SODQWHV ODSRVVLELOLWpGHV¶DIIUDQFKLUGHVUpJOHPHQWDWLRQVHWGHVVWLJPDWHVGRQW IRQW O¶REMHW OHV










FHWWH WHFKQLTXH HW j OD SUpVHQFH GH FHV YpJpWDX[GDQV GHV GHQUpHV DOLPHQWDLUHV3OXVLHXUV
pOpPHQWVGpWHUPLQHQW OHQLYHDXG¶DFFHSWDWLRQSDUH[HPSOHOH MXJHPHQWSRUWpVXU OHGHJUpGH
QDWXUHOGHVSODQWHVO¶XWLOLWpGHO¶pGLWLRQJpQRPLTXHODUpSDUWLWLRQGXSURILWOHIUDPLQJHWG¶DXWUHV
IDFWHXUVVRFLDX[/HVULVTXHVHQYLURQQHPHQWDX[HWVDQLWDLUHVpYHQWXHOVGHSODQWHV©HGLWpHVª
QHSHXYHQW SDVrWUHpYDOXpVJOREDOHPHQWPDLV VHXOHPHQWDX FDV SDU FDV VHORQ OH W\SHGH
PRGLILFDWLRQO¶RUJDQLVPHFLEOHHWOHEXWGHO¶DSSOLFDWLRQ,O IDXWrWUHDWWHQWLIjGHVHIIHWVVHFRQ
GDLUHVQRQYRXOXVSH[KRUVFLEOHGHODPRGLILFDWLRQJpQpWLTXH8QHVLWXDWLRQSUREOpPDWLTXH





'DQV O¶pOHYDJH GHV SURFpGpV G¶pGLWLRQ JpQRPLTXH RQW OH SRWHQWLHO G¶DFFURvWUH VHQVLEOHPHQW
O¶HIILFDFLWpHWODSUpFLVLRQGHVPRGLILFDWLRQVJpQpWLTXHVSDUUDSSRUWDXJpQLHJpQpWLTXHFODVVLTXH
HW j G¶DXWUHV WHFKQLTXHV /D UHFKHUFKH HW OH GpYHORSSHPHQW VXLYHQW OHV REMHFWLIV GH O¶pOHYDJH
FRQYHQWLRQQHOUHQGUH OHVDQLPDX[UpVLVWDQWVDX[PDODGLHVDXJPHQWHU OHXUPDVVHPXVFXODLUH





(WDWV8QLVSRXU OD FRQVRPPDWLRQ8Q WLODSLDPRGLILp SDUpGLWLRQJpQRPLTXH j FURLVVDQFHSOXV
UDSLGHHWjUHQGHPHQWHQILOHWSOXVLPSRUWDQWDpWpDXWRULVpHQHQ$UJHQWLQH
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5pVXPp 
&RPPHGDQV OH FDVGHVSODQWHV OHV ULVTXHVSRXU O¶rWUHKXPDLQ O¶DQLPDOHW O¶HQYLURQQHPHQW




GDQV OH GRPDLQH GH OD SLVFLFXOWXUH R RQ HVWLPH TX¶HOOH UHSUpVHQWH XQ ULVTXH VLJQLILFDWLI
/¶pGLWLRQ JpQRPLTXH SRXUUDLW pYLWHU GHV LQWHUYHQWLRQV GRXORXUHXVHV FKH] O¶DQLPDO S H[
O¶pFRUQDJHGHVERYLQVPDLVHQPrPHWHPSVSRUWHUDWWHLQWHj OHXUPRGHGHYLH(QWDQWTXH
VROXWLRQ WHFKQLTXH O¶pGLWLRQJpQRPLTXH ULVTXHGH IDLUHSDVVHUDXVHFRQGSODQGHVVWUDWpJLHV
SOXVJOREDOHVHWjSOXV ORQJXHSRUWpHSDUH[HPSOH O¶DPpOLRUDWLRQJpQpUDOHGHVFRQGLWLRQVGH
GpWHQWLRQGHVDQLPDX[/HGHJUpGHQDWXUHOGHWHOOHVLQWHUYHQWLRQVHVWpJDOHPHQWPLVHQTXHV




/H IRUoDJH JpQpWLTXH JHQH GULYH HVW XQ PpFDQLVPH JpQpWLTXH TXL V¶DXWRSURSDJH HW TXL
WUDQVPHWGHVPRGLILFDWLRQVJpQpWLTXHVjODGHVFHQGDQFHDYHFXQHSUREDELOLWpQHWWHPHQWSOXV
































,O H[LVWH GLIIpUHQWHV GLVSRVLWLRQV OpJDOHV HW FRQGLWLRQVFDGUHVQDWLRQDOHV HW LQWHUQDWLRQDOHVTXL
UpJOHPHQWHQW O¶XWLOLVDWLRQ GH O¶pGLWLRQ JpQRPLTXH GDQV GLYHUV GRPDLQHV HW VHORQ O¶DSSOLFDWLRQ
FRQVLGpUpH
(QUDLVRQGHVULVTXHVLQIHFWLHX[HWVDQLWDLUHVOHVxénotransplantationsVRQWVRXPLVHVjDXWRUL
VDWLRQHQ6XLVVHSRXU O¶rWUHKXPDLQPDLVHQSULQFLSHDXWRULVpHVjGHV ILQV WKpUDSHXWLTXHV±
FHFLYDXWDXVVLELHQSRXU OHVHVVDLVFOLQLTXHVTXHSRXU OHV WUDLWHPHQWVVWDQGDUGV(Q6XLVVH
GHV GLVSRVLWLRQV HQPDWLqUH GH SUpYHQWLRQ HW GH VXLYL YLVHQW j SURWpJHU OHV LQGLYLGXV WUDLWpV
O¶DQLPDOFRPPHVRXUFHG¶RUJDQHVHWO¶HQYLURQQHPHQWHQJpQpUDOSH[O¶pYHQWXHOOHLQIHFWLRQGH
WLHUV /HV ULVTXHVGHFHV LQWHUYHQWLRQVGRLYHQW rWUHPLVHQEDODQFHDYHF OHXUVDYDQWDJHV ,O
IDXWpJDOHPHQWSUHQGUHHQFRQVLGpUDWLRQGHVGLVSRVLWLRQVFRQFHUQDQWODGLJQLWpGHODFUpDWXUH
/¶pGLWLRQJpQRPLTXHD OHSRWHQWLHOGHPRGLILHU O¶pYDOXDWLRQGHVULVTXHVGH OD[pQRWUDQVSODQWD
WLRQDYDQW WRXWHQSHUPHWWDQWG¶pYLWHUGHV UpDFWLRQVGH UHMHW HW OHGDQJHUG¶LQIHFWLRQSDUGHV
UpWURYLUXV
La thérapie génique somatiqueHVWDXWRULVpHHQ6XLVVHVLHOOHHVWSUDWLTXpHGDQVXQEXWGLD
JQRVWLTXHWKpUDSHXWLTXHRXSUpYHQWLI(QUHYDQFKH la thérapie génique germinaleHVWLQWHUGLWH
HQ6XLVVHSDUODOpJLVODWLRQQDWLRQDOHHWGXIDLWGHODUDWLILFDWLRQGHOD&RQYHQWLRQVXUODELRPp
GHFLQH&HWWH LQWHUGLFWLRQQHVHPEOHSDVFRQWHVWpHDFWXHOOHPHQWpWDQWGRQQp OHV LQFHUWLWXGHV
GHFHWWHWHFKQLTXHHWO¶pWDWODFXQDLUHGXVDYRLUODFRQFHUQDQW0DLVFHFLSHXWFKDQJHUVLOHUDS
SRUW HQWUH ULVTXHV HW EpQpILFHV VHPRGLILH j OD VXLWH GH QRXYHOOHV UHFKHUFKHV HW GpYHORSSH
PHQWV'DQVODUHFKHUFKHIRQGDPHQWDOHVHSRVHODTXHVWLRQGHODUpJOHPHQWDWLRQGXUHFRXUVj




(Q PDWLqUH GH sélection végétale et d’élevage OH FODVVHPHQW GHV RUJDQLVPHV PRGLILpV SDU
pGLWLRQJpQRPLTXHUHYrWXQHLPSRUWDQFHSULRULWDLUHGXSRLQWGHYXHMXULGLTXH/DUpJOHPHQWDWLRQ
HVWGLIIpUHQWHVHORQTX¶LOV¶DJLWRXQRQG¶RUJDQLVPHVJpQpWLTXHPHQWPRGLILpV2*06HORQXQ




PXWDJpQqVH LQFOXW WRXWHIRLVXQLTXHPHQWGHVSURFpGpVTXLRQWpWpFRQVLGpUpVFRPPH IDLVDQW
SDUWLHGHFHWWHFDWpJRULHDXPRPHQWGHVRQpWDEOLVVHPHQW3DUFRQWUHOHVRUJDQLVPHVPRGLILpV
SDUpGLWLRQJpQRPLTXHRQWpWpGpFODUpV2*0/D6XLVVHDODSRVVLELOLWpGHVXLYUHFHWWHLQWHUSUp
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5pVXPp 
WDWLRQ GpVRUPDLV SOXV UHVWULFWLYH DGRSWpH SDU O¶8QLRQ HXURSpHQQH RXG¶pODERUHU SRXU O¶pGLWLRQ
JpQRPLTXH GHV GLVSRVLWLRQV SOXV OLEpUDOHV HW SOXV RXYHUWHV j O¶LQQRYDWLRQ /D ©GLJQLWp GH OD


















9X OD UHODWLYH QRXYHDXWp GH O¶pGLWLRQ JpQRPLTXH HW O¶LQFHUWLWXGH TXDQW DX[ DSSOLFDWLRQV UpDOL






LQWHUYHQWLRQV WKpUDSHXWLTXHV SRXU JXpULU GHVPDODGLHV MRXLVVHQW G¶XQH SOXV JUDQGH OpJLWLPLWp
pWKLTXHTXHFHOOHVGHVWLQpHVjO¶RSWLPLVDWLRQ(QFRQVpTXHQFHOHVLQWHUYHQWLRQVVRPDWLTXHVj
EXWWKpUDSHXWLTXHVRQWFRQVLGpUpHVHQJpQpUDOFRPPHSRVLWLYHVGXSRLQWGHYXHpWKLTXHSRXU
DXWDQW TX¶HOOHV DLHQW IDLW O¶REMHW G¶XQHpYDOXDWLRQDSSURIRQGLH GHV ULVTXHV ,QWHUYHQLU VXU OD OL




VDLUHSRXUPHQHUXQGpEDWGHVRFLpWpRXSRXUFODULILHU OHV ULVTXHV WHFKQLTXHVHWFOLQLTXHVGH
WHOOHVLQWHUYHQWLRQVGXSRLQWGHYXHVFLHQWLILTXH&HSHQGDQWOHVGHPDQGHVGHPRUDWRLUHUHVWHQW
SDUIRLVSOXW{WYDJXHVHQFHTXLFRQFHUQHODGXUpHGHODVXVSHQVLRQGHVDFWLYLWpVODSURFpGXUH
jVXLYUHSHQGDQWHWDX WHUPHGH ODSpULRGHFRQFHUQpHHW ODPDQLqUHGHJpUHU ILQDOHPHQW OHV
pYHQWXHOOHVGLYHUJHQFHVGHYXHV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
,PSOLFDWLRQVpFRQRPLTXHVGHO¶pGLWLRQJpQRPLTXHSRXUOD6XLVVH
/HV GpYHORSSHPHQWV HW DSSOLFDWLRQV GHV SURFpGpV G¶pGLWLRQ JpQRPLTXH GpSHQGHQW DXVVL
G¶DWWHQWHVHWLQWpUrWVpFRQRPLTXHV'HVHQWUHSULVHVDOLPHQWDLUHVHWSKDUPDFHXWLTXHVDLQVLTXH
GHV ILUPHVGHELRWHFKQRORJLHRQWGpMj IDLWEUHYHWHUGHVSURGXLWVHWDSSOLFDWLRQV WLUDQWSDUWLGH







/HV LPSOLFDWLRQV pFRQRPLTXHV GH O¶pGLWLRQ JpQRPLTXH SRXU OHV HQWUHSULVHV HW O¶pFRQRPLH
VXLVVHVVRQWHQFRUHGLIILFLOHVjHVWLPHU/HVDYLVH[SULPpVGDQVOHFDGUHGHO¶pWXGHSDUOHVHQ
WUHSULVHVTXHVWLRQQpHVDXVXMHWGHVHIIHWV IXWXUVGH O¶pGLWLRQJpQRPLTXHVRQWSOXW{W UpVHUYpV
1pDQPRLQVGHV WHQGDQFHVRQWpWpFRQVWDWpHV WHOOHVTX¶XQHFRQFXUUHQFHDFFUXHHWXQHSOXV
IRUWHSUHVVLRQGHVRFLpWpVpWUDQJqUHVVXUGHVHQWUHSULVHVVXLVVHV±XQHVLWXDWLRQHQOLHQDYHF






ILHU O¶$'1GH IDoRQSOXVSUpFLVH SOXV VLPSOHHW SOXV UDSLGHTXH OHVDQFLHQQHVPpWKRGHVGX





UHQFLpH VHORQ OD WHFKQRORJLH FRQVLGpUpH HW VHV DSSOLFDWLRQV FRQFUqWHV ,O Q¶\ D SDV XQH DS
SURFKHXQLTXHGHO¶pGLWLRQJpQRPLTXHPDLVGLIIpUHQWHVPpWKRGHVELRWHFKQRORJLTXHVXWLOLVpHVj
GHVILQVGLYHUVHVVXUGHVFHOOXOHVHWRUJDQLVPHVGLVWLQFWVHWGpYHORSSpHVHQSHUPDQHQFH/HV





6XU OHSODQGHVDSSOLFDWLRQV OHVPpWKRGHVG¶pGLWLRQJpQRPLTXHRQWGHV OLHQVDYHFXQHVpULH
G¶DXWUHV WHFKQRORJLHVTXL FRPSRUWHQWHOOHVPrPHVGHVGpILVHWSDUIRLVGHV ULVTXHV/HVYHF
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WHXUV SHUPHWWDQW G¶LQWURGXLUH OHV V\VWqPHV G¶pGLWLRQ JpQRPLTXH GDQV OD FHOOXOH HQ VRQW XQ
H[HPSOH VHORQ OHXU W\SHHW OHXU VWUXFWXUH LOV SRVHQW GHVGpILV WHFKQLTXHVHW HQWUDvQHQW GHV
ULVTXHVSH[GHVUpDFWLRQVLPPXQLWDLUHVGDQVOHFRUSVKXPDLQ
$XGHOjGHODWHFKQLTXHHWGXVDYRLUOHUHFRXUVjO¶pGLWLRQJpQRPLTXHQpFHVVLWHGHVFRQGLWLRQV
FDGUHV LQVWLWXWLRQQHOOHVHWVRFLDOHVFHTX¶LOOXVWUHSDUH[HPSOH OD WKpUDSLHJpQLTXHJHUPLQDOH
PrPHVLGHV LQWHUYHQWLRQVVXU OD OLJQpHJHUPLQDOHSRXUSUpYHQLU OD WUDQVPLVVLRQGHPDODGLHV





VHXOHPHQW GH VDYRLU VL WHOOH RX WHOOH DSSOLFDWLRQ HVW HQ VRL VUH HW VRXKDLWDEOH LO IDXW DXVVL
SUHQGUHHQFRPSWHOHMXJHPHQWSRUWpVXUOHVFRQGLWLRQVFDGUHVTXLOXLVRQWDVVRFLpHV
3UpFLVLRQHWYLWHVVHVXSpULHXUHV±GHVHIIHWVSDUIRLVSHXFODLUV






V\VWpPDWLTXH j OHXU VXMHW VHPEOH rWUH XQPR\HQ DSSURSULp SRXU DPpOLRUHU O¶HVWLPDWLRQ GH OD
SUpFLVLRQ HW GH OD VpFXULWp GH SURFpGpV G¶pGLWLRQ JpQRPLTXH GDQV GLIIpUHQWV GRPDLQHV
G¶DSSOLFDWLRQ/HVpWXGHVDFWXHOOHVVHVHUYHQWGHGLYHUVHVDSSURFKHVHWV\VWqPHVGHUpIpUHQFH
SRXULGHQWLILHUGHVHIIHWVGHFHJHQUH±OHVpTXHQoDJHGXJpQRPHRXGHVHJPHQWVG¶$'1/D
GpILQLWLRQ GH VWDQGDUGV HW GLUHFWLYHV VFLHQWLILTXHV GpGLpV j OD PHVXUH G¶HIIHWV KRUVFLEOH HVW
LQGLTXpH SRXU DVVXUHU OD FRPSDUDELOLWp GHV pWXGHV HW FUpHU XQH EDVH VROLGH IDFLOLWDQW
O¶pYDOXDWLRQGHSURFpGpVHWDSSOLFDWLRQVGHO¶pGLWLRQJpQRPLTXH
$FWXHOOHPHQW FHUWDLQHV LQWHUYHQWLRQV G¶pGLWLRQ JpQRPLTXH GDQV OH SDWULPRLQH KpUpGLWDLUH
G¶RUJDQLVPHVVRQWGLIILFLOHVRXPrPHLPSRVVLEOHVjGpFHOHU2UOHXUGpWHFWLRQHVWXQHFRQGLWLRQ
HVVHQWLHOOH SRXU YpULILHU TXH O¶pGLWLRQ JpQRPLTXH HVW XWLOLVpH FRQIRUPpPHQW DX GURLW ± XQ WHO
FRQWU{OHV¶LPSRVHQRWDPPHQWGDQVO¶DJULFXOWXUHHWODSURGXFWLRQDOLPHQWDLUH,OLPSRUWHGRQFGH
FODULILHU OHV OLPLWHVGHVPpWKRGHVGHGpWHFWLRQH[LVWDQWHVHW GHSRXUVXLYUH OD UHFKHUFKHHW OH




SULpWpVJpQpWLTXHVHQWUHHOOHVHWDYHF O¶HQYLURQQHPHQWHVWHQFRUH OLPLWp6XLYDQW ODVpTXHQFH
G¶$'1PRGLILpHHWO¶RUJDQLVPHFRQVLGpUpLOQ¶HVWSDVWRXMRXUVSRVVLEOHPrPHGDQVO¶K\SRWKqVH
G¶XQHpGLWLRQJpQRPLTXHHIILFDFHGH WUqVKDXWHSUpFLVLRQHWVDQVHIIHWVKRUVHWVXUFLEOHGH
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
SUpYRLUWRXWHVOHVFRQVpTXHQFHVTXLSHXYHQWVHSURGXLUH/HVDFWHXUVVRFLDX[TXLGLVSHQVHQW
GHV LQIRUPDWLRQV HW GHV pYDOXDWLRQV D\DQW WUDLW j O¶pGLWLRQ JpQRPLTXH HW j VHV DSSOLFDWLRQV
GRLYHQWIDLUHSUHXYHGHWUDQVSDUHQFHHQFHTXLFRQFHUQHOHVEDVHVGHFHVGRQQpHVHWHVWLPD








pFODLUFLVVHPHQWV &H TX¶HOOHV SURPHWWHQW GRLW rWUH DQDO\Vp HQ SUHQDQW HQ FRPSWH OD SRVLWLRQ
SROLWLTXHQRUPDWLYHHWOHVLQWpUrWVpFRQRPLTXHVRXDXWUHVGHVDFWHXUVTXLOHVGLIIXVHQW
/DSRXUVXLWHGHVFRQWURYHUVHVHWGpEDWVVRFLDX[
/HV DSSOLFDWLRQV GH O¶pGLWLRQ JpQRPLTXH QH GRLYHQW SDV rWUH UpGXLWHV j OHXU VHXOH IDLVDELOLWp
WHFKQLTXHHWDX[ULVTXHVTXLOHXUVRQWDVVRFLpV(OOHVGHYUDLHQWrWUHFRPSULVHVFRPPHWHFKQR
ORJLHV VRFLDOHPHQW LQWpJUpHV TXL VH SRVLWLRQQHQW GDQV OH FRQWH[WH GH GpILV HW FRQIOLWV VRFLR









VLGpUpV ODTXHVWLRQVHSRVHGHVDYRLUVLHWTXHOOHVDSSOLFDWLRQV\FRPSULV OHXUV LPSOLFDWLRQV
VRQWVRXKDLWpHVHQSULQFLSHSDUODVRFLpWpHWGDQVTXHOOHPHVXUHODUpSRQVHjFHWWHTXHVWLRQ





UHQWGDQV ODSRSXODWLRQVXLVVHHQFHTXLFRQFHUQH ODQDWXUHHW ODGLVWULEXWLRQGHVSRVLWLRQVHW
DWWLWXGHVVRFLDOHVjO¶pJDUGGHVDSSOLFDWLRQVGHO¶pGLWLRQJpQRPLTXH
8Q SUHPLHU SDV LPSRUWDQW YHUV XQ pFKDQJH HQWUH OHV VFLHQWLILTXHV HW OD VRFLpWp SHXW rWUH
O¶RUJDQLVDWLRQGHGLDORJXHVHWG¶DXWUHVSURMHWVSRUWDQWVXUOHGLVFRXUVVRFLDO2QSRXUUDLWH[SOR











x /HVREMHFWLIVQuels sont les objectifs associés à un tel débat ? Que fait-on des résul-
tats ? De quelle manière sont-ils pris en compte dans la pratique sociale, politique et 
scientifique ? Quelles questions seront abordées au départ ? 
x /DSDUWLFLSDWLRQ Qui devrait participer au débat ? Comment intégrer de manière adé-
quate les différentes parties prenantes (p. ex. scientifiques, entrepreneurs, citoyennes et 
citoyens) ? Comment amener des groupes de la population tout à fait différents à partici-
per ? De quelles ressources (informations, temps, argent etc.) des groupes sociaux diffé-
rents ont-ils besoin pour qu’il leur soit possible de participer ? 
x /H SURFHVVXV HW OD PLVH HQ°XYUHComment structurer un tel débat pour qu’il soit 
constructif ? De quelle manière le lancer et l’animer ? Comment permettre aux différents 
acteurs ou groupes d’entrer en contact sur un pied d’égalité ? Que faut-il pour favoriser un 
climat d’ouverture et l’absence de préjugés entre les personnes participant au débat ? 
Comment réagir si la discussion s’écarte du sujet ?  
x /HVUpVXOWDWVSous quelle forme les résultats seront-ils disponibles ? Que fera-t-on de 
ces résultats ? Quelle légitimité donner au consensus ou aux divergences auxquels le dé-




JpQpUDOH GH IRQG QH VRLW WURXYpH HQ UDLVRQ G¶XQ GXUFLVVHPHQW GHV IURQWV SROLWLTXHV
G¶LQFHUWLWXGHV WRXFKDQWDX[FRQVpTXHQFHV WHFKQLTXHVHW UpJOHPHQWDLUHVRXGHFDVGH ILJXUH
HQFRUHHQSDUWLH LPSUpYLVLEOHV6¶LO HQ HVW DLQVL LO IDXGUD FUpHUGHVPpFDQLVPHVGHGpFLVLRQ











GpVRUPDLV DGDSWpH DX[ QRXYHDX[ GpYHORSSHPHQWV HQ IRQFWLRQ GX ULVTXH VDQV SRXU DXWDQW
UHQRQFHUDXSULQFLSHGHSUpFDXWLRQ'HVFDWpJRULHVGHULVTXHGRLYHQWrWUHFUppHVDX[TXHOOHV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ












LFL G¶XQEHVRLQG¶DJLUTXHGDQV OH VHQV UHVWUHLQWG¶XQ©EHVRLQG¶REVHUYHUª'¶DXWUHSDUW OHV














XPDQDVL ODYRUDDGDSSOLFD]LRQLSUHYHQWLYHH WHUDSHXWLFKH1HOOD ULFHUFDERWDQLFDVL ULFRUUHDO
JHQRPHHGLWLQJSHUUHQGHUHUHVLVWHQWLOHSLDQWLDSDWRORJLHHLQIOXVVLDPELHQWDOLSHUPRGLILFDUQH
ODFUHVFLWDHODTXDOLWj/¶DSSOLFD]LRQHGHOJHQRPHHGLWLQJQHOO¶DOOHYDPHQWRPLUDLQROWUHDRWWHQH
UH XQDPDJJLRUH UHVLVWHQ]D D FHUWH SDWRORJLHPLJOLRUDPHQWL GHOOD TXDOLWj GHOOD FDUQH R GHOOH
FDUDWWHULVWLFKHGLFUHVFLWDGHJOLDQLPDOL/HDSSOLFD]LRQLGLJHQHGULYHFKHVIUXWWDQR LOJHQRPH
HGLWLQJ SRWUHEEHUR DGGLULWWXUD PRGLILFDUH LQ PRGR PLUDWR GHWHUPLQDWL RUJDQLVPL DOO¶LQWHUQR GL
LQWHULHFRVLVWHPLDGHVHPSLRSHUSUHYHQLUHODWUDVPLVVLRQHGLSDWRORJLHYHLFRODWHGDLQVHWWL
/H DSSOLFD]LRQL GHO JHQRPH HGLWLQJ VXVFLWDQR GLYHUVH DVSHWWDWLYH VLD SRVLWLYH FKH QHJDWLYH







VXO ORURXWLOL]]RLQGLYHUVLFDPSLDSSOLFDWLYL OR[HQRWUDSLDQWR ODWHUDSLDJHQHWLFDVRPDWLFDHOD




















FDVLDSSOLFDWLYL VHOH]LRQDWLGLJHQRPHHGLWLQJ OD WHUDSLDJHQLFDGHOOD OLQHDJHUPLQDOHH OD
FROWLYD]LRQHGHOOHSLDQWH

















'1$ NQRFNLQ R FDQFHOODUH VHJPHQWL LQWHUL GHOHWLRQ Ê SRVVLELOH PRGLILFDUH LO '1$ VHQ]D
O¶DSSRUWRGL'1$HVRJHQR LQWURGXUUHPDWULFLGL WLSRDIILQH FLVJHQHVLRSSXUHGL WLSRHVRJHQR
WUDQVJHQHVL , VLVWHPL &5,635 VRQR L VLVWHPL GL JHQRPH HGLWLQJ SL XVDWL VRQRPROWR SL
VHPSOLFL HG HFRQRPLFL GD XWLOL]]DUH ULVSHWWR DL VLVWHPL =)1 H 7$/(1 H SRVVRQR LQGXUUH SL
PXWD]LRQLJHQHWLFKHFRQWHPSRUDQHDPHQWH
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/R [HQRWUDSLDQWR q LO WUDSLDQWR GL FHOOXOH WHVVXWL H RUJDQL HVHJXLWR WUD VSHFLH GLYHUVH /R
[HQRWUDSLDQWRGDPDLDOHDHVVHUHXPDQRSHUHVHPSLRqLQIDVHGLVWXGLRSHUULVROYHUHO¶DWWXDOH
FDUHQ]D GL RUJDQL XPDQL GLVSRQLELOL SHU OD GRQD]LRQH /D PRGLILFD]LRQH JHQHWLFD GHL PDLDOL
FRPH IRQWH GL RUJDQL q LQGLVSHQVDELOH SHU HYLWDUH FKH LO FRUSR XPDQR ULVSRQGD DJOL RUJDQL
HVWUDQHL FRQ IRUWL UHD]LRQLGL ULJHWWR ,O JHQRPHHGLWLQJQRQVRORVHPSOLILFDHDFFHOHUDTXHVWD
PRGLILFD]LRQH JHQHWLFD PD FRQVHQWH GL ULPXRYHUH UHWURYLUXV SRWHQ]LDOPHQWH SHULFRORVL GDO
JHQRPD VXLQR 1HJOL HVSHULPHQWL GL WUDSLDQWR FRQGRWWL VX EDEEXLQL FRQ PDLDOL VRWWRSRVWL D
SOXULHGLWLQJGHOJHQRPDHDVSHFLILFRWUDWWDPHQWRIDUPDFRORJLFROHFDYLHULFHYHQWLVRQRVRSUDY













YLUXV GDO JHQRPD GHOOH SHUVRQH FROSLWH DG HVHPSLR LO YLUXV GHOO¶LPPXQRGHILFLHQ]D XPDQD R
+,9DRIIULUHQXRYHIRUPHGLLPPXQRWHUDSLDDLSD]LHQWLRQFRORJLFLHDFRQWUDVWDUHGLUHWWDPHQWH
OHFHOOXOHFDQFHURJHQH'LYHUVHWHUDSLHJHQLFKHVRPDWLFKHVRQRVWDWHLGHDWHWHVWDWHFRQYDULR
VXFFHVVR H LQ SDUWH DXWRUL]]DWH JLj SULPD GHOOR VYLOXSSR GHO JHQRPH HGLWLQJ0HQWUH DOFXQH
GHOOH SHUVRQH WUDWWDWH VRQR GHFHGXWH SHU JOL HIIHWWL FROODWHUDOL GHOOH WHUDSLH VWHVVH DOWUH VRQR
















WR]RL R OH FHOOXOH XRYR IHFRQGDWH 6HEEHQH SUHYHQLUH SDWRORJLH HUHGLWDULH VLD FRQVLGHUDWR OR
VFRSR SULPDULR GHO ULFRUVR DOOD WHUDSLD JHQLFD GHOOD OLQHD JHUPLQDOH OD VL SRWUHEEH XWLOL]]DUH
DQFKHSHUVHOH]LRQDUHRPLJOLRUDUHGHWHUPLQDWHFDSDFLWjJHQHWLFKHRVVLDSHULOFRVLGGHWWRSR
WHQ]LDPHQWRXPDQR+XPDQ(QKDQFHPHQW
'DWD O¶DWWXDOH LQVXIILFLHQ]D GL FRPSUHQVLRQH GHOOH IXQ]LRQL H GHOOH LQWHUD]LRQL JHQHWLFKH
QHOO¶XRPR OH FRQVHJXHQ]H GHO JHQRPH HGLWLQJ GHOOD OLQHD JHUPLQDOH VRQR DQFRUD DYYROWH
QHOO¶LQFHUWH]]D,QHVSHULPHQWLFRQGRWWL LQODERUDWRULRVXHPEULRQLVRQRHPHUVLHIIHWWLRIIWDUJHW
HIIHWWL RQWDUJHW H PRVDLFLVPL FRQ ULSHUFXVVLRQL VXOO¶RUJDQLVPR GLIILFLOL GD YDOXWDUH 2OWUH DOOH








VWDWR GHOOD VFLHQ]D H GHOOD WHFQLFD q WXWWDYLD FRQVLGHUDWR LQVXIILFLHQWH D FRQVHQWLUH LQWHUYHQWL
VXOODOLQHDJHUPLQDOHXPDQD&LzQRQRVWDQWHQHOVRQRVWDWLHVHJXLWL LQ&LQDLSULPLLQWHU
YHQWLQRQDXWRUL]]DWLGLTXHVWRWLSR1HOFRUVRGLXQ¶LQVHPLQD]LRQHDUWLILFLDOHXQJHQHGHJOLHP
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2OWUHDSUHVHQWDUHYDQWDJJLWHFQLFL±HVVHQGRO¶HGLWLQJJHQHWLFRGHOOHSLDQWHSLSUHFLVRVHP
SOLFH H YHORFH GL TXHOOR XPDQR ± LO JHQRPH HGLWLQJ q FRQVLGHUDWR GDL VRVWHQLWRUL GHO ULFRUVR
DOO¶LQJHJQHULDJHQHWLFDLQDJULFROWXUDXQDSRVVLELOLWjGLHYLWDUHLUHJRODPHQWLVXJOLRUJDQLVPLJH
QHWLFDPHQWHPRGLILFDWL2*0HLUHODWLYLSUHJLXGL]L$OORVWDWRDWWXDOHGHOODWHFQLFDLQIDWWLQRQq





















JXLWLGDOO¶DOOHYDPHQWRFRQYHQ]LRQDOH UHQGHUH LFDSLSL UHVLVWHQWLDOOHSDWRORJLHDXPHQWDUH OD
PDVVDPXVFRODUHPLJOLRUDUHODTXDOLWjGHOODWWHRLQWURGXUUHGHWHUPLQDWHFDUDWWHULVWLFKHHVWHULRUL
DGHVHPSLRO¶DVVHQ]DGLFRUQDQHLERYLQLRXQFHUWRWLSRGLODQDQHJOLRYLQL6LODYRUDDQFKHDO








XOWHULRUPHQWH OD WHQGHQ]D DOOD ULGX]LRQH GHOOD GLYHUVLWj JHQHWLFD QHOO¶DOOHYDPHQWR 5LVSHWWR D
TXHOODGHOOHSLDQWHODGLIIXVLRQHLQYRORQWDULDGLDQLPDOLG¶DOOHYDPHQWR©HGLWDWLªqULWHQXWDPHQR
FULWLFDHFFHWWXDWRO¶DOOHYDPHQWRLWWLFRGRYHLQYHFHTXHVWRULVFKLRqULOHYDQWH,OJHQRPHHGLWLQJ
SRWUHEEH UHQGHUH VXSHUIOXL LQWHUYHQWL GRORURVL VXJOL DQLPDOL SHUHVHPSLR OD GHFRUQD]LRQHGHL
ERYLQLPDDQFKH LQWHUYHQLUH VXOOH ORURPRGDOLWjGL YLWD'DVROX]LRQHSUHWWDPHQWH WHFQLFD LO
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
JHQRPHHGLWLQJSRWUHEEHVFRUDJJLDUHO¶DGR]LRQHGLVWUDWHJLHSLJOREDOLHGLPDJJLRUHSRUWDWD
FRPH LO JHQHUDOH PLJOLRUDPHQWR GHOOH FRQGL]LRQL GL DOOHYDPHQWR$QFKH QHO FDVR GHOO¶DOOHYD
PHQWRGHJOLDQLPDOLVRUJRQRLQROWUHGXEELVXOODQDWXUDOLWjGHJOLLQWHUYHQWLHVXOODFRPSURPLVVLR






WDWHGDLGLVFHQGHQWL6HEEHQH LJHQHGULYHVLSUHVHQWLQRJLj LQQDWXUD LOJHQRPHHGLWLQJH LQ
SDUWLFRODUHLVLVWHPL&56,35QHFRQVHQWRQRXQXWLOL]]RSLPLUDWRSHUGLIIRQGHUHFDUDWWHULVWLFKH
JHQHWLFDPHQWH DXVSLFDELOL QHOO¶DUFRGL SRFKHJHQHUD]LRQL DOO¶LQWHUQRGL XQDSRSROD]LRQH FRQ
YHUVLRQ GULYH RSSXUH SHU ULGXUUHHUDGLFDUH FDUDWWHULVWLFKH VYDQWDJJLRVH VXSSUHVVLRQ GULYH
/¶HVHJXLELOLWjGLSULQFLSLRGHLJHQHGULYHVXOLHYLWLPRVFHULQLGHOODIUXWWD]DQ]DUHDQRIHOHHWDOq
JLjVWDWDGLPRVWUDWDLQODERUDWRULR









WRDOO¶DOWD LQYDVLYLWj ,OFRQWUROORGHOODGLIIXVLRQHJHRJUDILFDH WHPSRUDOHGHJOL LQWHUYHQWLDSSDUH




QRQ SRVVHGLDPR VXIILFLHQWL FRQRVFHQ]H VXO UXROR H VXOOD IXQ]LRQH GHOOH VSHFLH H SRSROD]LRQL
QHJOLHFRVLVWHPLFRVDFKHUHQGHSLGLIILFLOHODVWLPDGHLULVFKL,JHQHGULYHSRWUHEEHURLQGXUUH
HIIHWWLFROODWHUDOLLPSUHYLVWLVXIORUDHIDXQD1RQqGDHVFOXGHUHQHPPHQRODGLIIXVLRQHLQYRORQ
WDULD GL JHQH GULYH DG RSHUD GL DWWLYLWj GL ULFHUFD DOO¶LQWHUQR GL LPSLDQWL FKLXVL$QFKH O¶XWLOL]]R
DEXVLYR R O¶DSSOLFD]LRQH D VFRSR PLOLWDUH SRWUHEEHUR GDUH OXRJR D SHULFROL 2FFRUUH GXQTXH
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6LQWHVL 
&RQWHVWROHJDOHHUHJRODPHQWD]LRQHGHOJHQRPHHGLWLQJLQ6YL]]HUD
(VLVWRQR YDULH GLVSRVL]LRQL GL OHJJH H LQTXDGUDPHQWL QD]LRQDOL H LQWHUQD]LRQDOL FKH UHJRODQR
O¶XVRGHOJHQRPHHGLWLQJQHLGLYHUVLVHWWRULDVHFRQGDGHOWLSRGLDSSOLFD]LRQH
,Q6YL]]HUD JOL HVSHULPHQWL FOLQLFL H L WUDWWDPHQWL VWDQGDUG FRQxenotrapianti VRQR VRJJHWWL DG
DXWRUL]]D]LRQHDFDXVDGHL ULVFKLGL LQIH]LRQHHSL LQJHQHUDOHSHU ODVDOXWHPD LQ OLQHDGL
PDVVLPDSHU VFRSL WHUDSHXWLFL VRQRDPPHVVL(VLVWRQRGLVSRVL]LRQL FRQIHGHUDOL VXOODSUHYHQ





,Q 6YL]]HUD OD terapia genica somatica q FRQVHQWLWD ODGGRYH SHUVHJXD ILQDOLWj GLDJQRVWLFKH
WHUDSHXWLFKHRSUHYHQWLYHPHQWUHJOL interventi sulla linea germinale VRQRYLHWDWLGDOOD OHJLVOD
]LRQH FRQIHGHUDOH H GDOOD&RQYHQ]LRQH UDWLILFDWD VXL GLULWWL GHOO¶XRPR H OD ELRPHGLFLQD 6H DO
PRPHQWR LOGLYLHWRq LQGXEELRSHUFKp OHFRQRVFHQ]HVRQRDQFRUD LQVXIILFLHQWLH OH WHFQRORJLH
WURSSRSRFRVLFXUH ODVLWXD]LRQHSRWUHEEHFDPELDUHVH LOSURJUHVVRGHOOHDWWLYLWjGL ULFHUFDH
VYLOXSSRGRYHVVHPRGLILFDUHLOUDSSRUWRULVFKLEHQHILFL3HUTXDQWRULJXDUGDODULFHUFDGLEDVHVL
SRQHODTXHVWLRQHGLUHJRODPHQWDUHODricerca sugli embrioni con il genome editing/D6YL]]HUD
YLHWDVLDODULFHUFDVXJOLHPEULRQLLQHFFHVVRVLDODSURGX]LRQHGLHPEULRQLILQDOL]]DWDDOODULFHU
FDPDFRQVHQWHODULFHUFDLQODERUDWRULRVXFHOOXOHVWDPLQDOLHVWUDWWHGDHPEULRQLLQHFFHVVR


















LQFRQYHQ]LRQL LQWHUQD]LRQDOLFRPHLO3URWRFROORGL&DUWDJHQDTXL LQSDUWLFRODUH LOSULQFLSLRGL
SUHFDX]LRQH,QPDWHULDGLELRVHFXULW\LQ6YL]]HUDHVLVWRQRSHUzGHLPDUJLQLOHJLVODWLYLULVSHWWR
DOODUHJRODPHQWD]LRQHSDUWLFRODUPHQWHUHVWULWWLYDGHLJHQHGULYH












DOFXQL LQWHUYHQWL VXOOD OLQHDJHUPLQDOH DOO¶DFFHWWD]LRQHGL TXDOVLDVL WLSRGL ULFHUFD SXUFKpQH
YHQJDQRFKLDULWLDVXIILFLHQ]DLULVFKL&HQWUDOHQHOGLEDWWLWRqODGLIIHUHQ]LD]LRQHIUDWHUDSLDHG
HQKDQFHPHQWPLJOLRUDPHQWREHQFKpLOSUREOHPDVLDVSHVVRSURSULRODVHSDUD]LRQHWUDOHGXH
IRUPHHVVDVWHVVDRJJHWWRGLGLVFXVVLRQH ,QRJQLFDVRDJOL LQWHUYHQWL WHUDSHXWLFLSHU ODFXUD
GHOOHPDODWWLHqULFRQRVFLXWDXQDPDJJLRUHOHJLWWLPLWjHWLFDULVSHWWRDTXHOOLPLJOLRUDWLYLJOLLQWHU
YHQWLVRPDWLFLDVFRSRWHUDSHXWLFRYHQJRQRLQJHQHUHYDOXWDWLSRVLWLYDPHQWHVXOSLDQRHWLFRD
SDWWR FKH VL HIIHWWL XQD YDOXWD]LRQHHVDXVWLYD GHO ULVFKLR$OOR VWDWR DWWXDOH JOL LQWHUYHQWL VXOOD
OLQHDJHUPLQDOHQRQVRQRFRQVLGHUDWLVRVWHQLELOLVXOSLDQRHWLFRPDVXOODOHJLWWLPLWjGHJOLLQWHU
YHQWLLQIXWXURJOLDQLPLVRQRGLYLVL
/R VWXGLR KD LGHQWLILFDWR YDULH PRWLYD]LRQL DOOD EDVH GHOOH ULFKLHVWH GL GLOD]LRQH LPSOLFLWH HG















$WWXDOPHQWH OH LPSOLFD]LRQL HFRQRPLFKH GHO JHQRPH HGLWLQJ SHU OH D]LHQGH VYL]]HUH H
O¶HFRQRPLDQD]LRQDOHVRQRGLIILFLOLGDYDOXWDUH1HOO¶DPELWRGHOSUHVHQWHVWXGLROHD]LHQGHLQWHU
YLVWDWHVXOOHIXWXUHULSHUFXVVLRQLGHOJHQRPHHGLWLQJKDQQRIRUQLWRGLFKLDUD]LRQLSLXWWRVWRDEERW
WRQDWH&LzQRQRVWDQWHqVWDWRSRVVLELOH LGHQWLILFDUHGHOOH WHQGHQ]H WUDFXLXQDXPHQWRGHOOD
           
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6LQWHVL 
























































/H FRQRVFHQ]H VXOOH IXQ]LRQL GHL JHQL VXOO¶HIIHWWR UHFLSURFR GHOOH FDUDWWHULVWLFKH JHQHWLFKH H
















]DELOLWj WHFQLFDHDL ULVFKLFRUUHODWL4XHVWLVLVWHPLYDQQRFRQVLGHUDWLFRPH WHFQRORJLHDGDOWR
LPSDWWRVRFLDOHFKHVLLQVHULVFRQRQHOOHSUREOHPDWLFKHHQHLFRQIOLWWLVRFLRQRUPDWLYLHVLVWHQWLOL










OD TXHVWLRQH VH OHDSSOLFD]LRQL FRQ WXWWR FLz FKH FRPSRUWDQR VLDQR LQQDQ]LWXWWR DXVSLFDWH D
OLYHOORVRFLDOHHLQFKHPLVXUDODUHVSRQVDELOLWjGHOODULVSRVWDSRVVDHVVHUHODVFLDWDDLVLQJROL±
VLDQRHVVL ULFHUFDWRUL LPSUHQGLWRULSROLWLFLRFRQVXPDWRUL)UD OH ULVSRVWHFHQWUDOLDPROWHSUR
EOHPDWLFKHHPHUVH LQPDWHULDILJXUDQROHGLVFXVVLRQLFRQGRWWHSXEEOLFDPHQWHH LOGLEDWWLWRVR
FLDOHVXFRQGL]LRQLSRVVLELOLWj ULVFKLHDXVSLFDELOLWjGHOJHQRPHHGLWLQJ$OFRQWHPSRVL ULSUH
VHQWDQR VHPSUH QXRYH LQFHUWH]]H VXOOD TXDOLWj H OD GLVWULEX]LRQH VRFLDOH WUD OD SRSROD]LRQH
VYL]]HUDGHOOHGLYHUVHSRVL]LRQLVXJOLLQWHUYHQWLGLJHQRPHHGLWLQJ
3URJHWWLGLGLEDWWLWRHRFFDVLRQLGLGLDORJRSXEEOLFRSRVVRQRFRVWLWXLUHXQSULPRSDVVRHXQLP











x 2ELHWWLYL quali obiettivi si pone un dibattito di questo tipo?Come utilizzare i risultati?Come 
tenerne conto nelle future pratiche sociali, politiche e scientifiche?Da quali temi comin-
ciare?
x 3DUWHFLSD]LRQH chi dovrebbe partecipare al dibattito?Qual è la modalità più adeguata per 
coinvolgere i vari stakeholder (ad esempio scienziati, imprenditori, cittadini)?Come coin-
volgere gruppi di popolazione disparati?Di quali risorse (informazioni, tempo, denaro, ecc.) 
necessitano i vari gruppi sociali per partecipare?
x 3URFHVVRHUHDOL]]D]LRQH come deve essere strutturato il dibattito per essere costruttivo?
Come può essere introdotto e moderato? Come possono confrontarsi alla pari diversi 
soggetti o gruppi di soggetti?Cosa serve affinché comunichino in modo aperto ed esente 
da pregiudizi?Come gestire le nuove tematiche che si inseriscono nel dibattito?
x 5LVXOWDWL come presentare i risultati?Come utilizzarli?Che legittimità riconoscere al con-
senso o dissenso riscontrato nel dibattito?Come tradurli in pratica?


















YDULDELOL GHOOH QXRYH WHFQRORJLH '¶RUD LQ SRL OD OHJLVOD]LRQH YLJHQWH VXOO¶LQJHJQHULD JHQHWLFD
YHUUjDGHJXDWDDLQXRYLVYLOXSSL©LQEDVHDOULVFKLRªVHQ]DULQXQFLDUHDOSULQFLSLRGLSUHFDX]LR
QH6LGRYUDQQRFUHDUHFDWHJRULHGLULVFKLRDFXLDSSOLFDUHOLYHOOLGLUHTXLVLWLGLIIHUHQ]LDWL1HOIDU
FLz VL GRYUDQQR WHQHUH LQ FRQVLGHUD]LRQH DQFKH L IXWXUL VYLOXSSL GHOO¶LQJHJQHULD JHQHWLFD ,Q




x ÊSRVVLELOHFRQLXJDUH O¶DXVSLFDWD©DSHUWXUDDOO¶LQQRYD]LRQHªFRQ OHSUHVFUL]LRQLSLUHVWULW
WLYHGHOO¶8(FKHFRPXQTXHUHVWHUDQQRSURYYLVRULDPHQWHLQYLJRUH"
x &RPH VL ULSHUFXRWHUj OD GLYHUVLWj GL UHJRODPHQWD]LRQH VXJOL VFDPEL FRPPHUFLDOL LQWHUQD





GL LQWHUYHQWR YDQQRPRGXODWH OXQJR L FRQILQL QRUPDWLYL WUDFFLDWL SHU OD 6YL]]HUD GDJOL DFFRUGL
LQWHUQD]LRQDOL





Alexander Lang, Erich Griessler, Armin Spök, Michael Fuchs, Malte Gruber, Lukas Kaelin, 
Florian Winkler und Caroline Hammer 
.XU]	NQDSS
x 'LH 6WXGLH IUDJW QDFK %HGHXWXQJ &KDQFHQ XQG5LVLNHQ YRQ*HQRPH(GLWLQJ IU YHUVFKLHGHQH WHFKQRORJLVFKH





YHUVFKLHGHQHQ$QZHQGXQJVEHUHLFKHQ ,QWHUYLHZVPLW ([SHUWLQQHQ XQG ([SHUWHQ HUJlQ]HQ XQG HUZHLWHUQ GLHVH
/LWHUDWXUDUEHLW










ZHQLJHU NRQWUROOLHUW GDV(UEJXW YRQ/HEHZHVHQYHUlQGHUQ'HQ%HJLQQGHU*HQWHFKQLNPDU







ULFKWHWHU VFKQHOOHU XQG HLQIDFKHU GDV(UEJXW YHUlQGHUQ N|QQHQDOV DQGHUH0HWKRGHQ ]XYRU
'LHVH9HUIDKUHQGHV*HQRPH(GLWLQJV ZLH=LQNILQJHU1XNOHDVH=)17UDQVFULSWLRQ$FWLYDWRU
/LNH (IIHFWRU 1XFOHDVH 7$/(1 XQG LQVEHVRQGHUH &OXVWHUHG 5HJXODUO\ ,QWHUVSDFHG 6KRUW
3DOLQGURPLF5HSHDWV&5,635KDEHQVLFKVHLWLKUHU(QWZLFNOXQJUDVDQWYHUEUHLWHWXQGZHUGHQ
ZHOWZHLW LQ /DERUV IU XQWHUVFKLHGOLFKH =ZHFNH HLQJHVHW]W %DUUDQJRX 	 'RXGQD 
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
/HGIRUG D *HQRPH (GLWLQJ9HUIDKUHQ KDEHQ GDV 3RWHQ]LDO EHUHLWV ]XYRU DQJHVWUHEWH






















DQ GLHVHQ JHQHWLVFK YHUlQGHUWHQ 7LHUHQ XQG =HOOHQ GLH 0HUNPDOH XQG GLH (QWZLFNOXQJ YRQ









KDOE PLW YHUVFKLHGHQHQ ]XP 7HLO NRQWURYHUV GHEDWWLHUWHQ NRQNUHWHQ $QZHQGXQJVIlOOHQ YRQ
*HQRPH(GLWLQJ'HU(LQVDW]YRQ*HQRPH(GLWLQJLQGHU*UXQGODJHQIRUVFKXQJZLUGGDEHL]ZDU































'LH 6WXGLH ]HLJW GHU]HLW EHVWHKHQGH WHFKQRORJLVFKH 0|JOLFKNHLWHQ XQG (LQVFKUlQNXQJHQ
&KDQFHQ XQG 5LVLNHQ YRQ *HQRPH (GLWLQJ LQ GHQ REHQ LGHQWLIL]LHUWHQ $QZHQGXQJVIHOGHUQ
XQGIlOOHQDXI'LH6WXGLHRULHQWLHUWVLFKHQWODQJLKUHV$XIWUDJVGXUFK7$6:,66DQHLQHU5HLKH




]XRUGQHQ :DV LVW *HQRPH (GLWLQJ XQG ZLH IXQNWLRQLHUHQ GLH YHUVFKLHGHQHQ *HQRPH (GL
WLQJ9HUIDKUHQ":DV NDQQ*HQRPH(GLWLQJ LQ EHVWLPPWHQ$QZHQGXQJVEHUHLFKHQ OHLVWHQXQG
ZRVLQGZLVVHQVFKDIWOLFKHXQGWHFKQLVFKH*UHQ]HQ":HOFKHGHU]HLWLJHQXQG]XNQIWLJHQ(QW
ZLFNOXQJHQ ODVVHQ VLFK LGHQWLIL]LHUHQ EH]LHKXQJVZHLVH SURJQRVWL]LHUHQ" ,P ZHLWHVWHQ 6LQQH
XPIDVVWGLHVGLH%HGHXWXQJYRQ*HQRPH(GLWLQJLQGHQYHUVFKLHGHQHQ$QZHQGXQJVJHELHWHQ
:DVZLUG1HXHVHUP|JOLFKWZDVQLFKW":LHZLUG*HQRPH(GLWLQJHLQJHVHW]WXQGHQWZLFNHOW"
:DV YHUlQGHUW VLFK GXUFK *HQRPH (GLWLQJ LP$QZHQGXQJVIHOG" /HW]WHQGOLFK VWHOOW VLFK GLH




















RQ YRQ&KDQFHQ XQG5LVLNHQ YRQ*HQRPH(GLWLQJ JHKHQ GDEHL LPPHU GDYRQ DXV GDVV GLH







XQG GHVVHQ$QZHQGXQJHQ DXV XQWHUVFKLHGOLFKHQ VR]LDOHQ 3HUVSHNWLYHQ GLVNXWLHUW XQG EHXU
WHLOW":LH VLQGGLH UHFKWOLFKHQ5DKPHQEHGLQJXQJHQEHVFKDIIHQXQG LQZLHIHUQ VLQGGLHVHDQ










%HLEHKDOWXQJ YRUKDQGHQHU (LQVFKlW]XQJHQ 9LHOPHKU ZHUGHQ XQWHUVFKLHGOLFKH $VSHNWH GHV
MHZHLOLJHQ9RUKDEHQVGLVNXWLHUWXQGDXFKHWZDLJH8QJHZLVVKHLWHQDXIJH]HLJW,QPDQFKHQ)lO
OHQ UHLFKW GHU GHU]HLWLJH:LVVHQVVWDQG QLFKW DXV XP GHILQLWLYH$XVVDJHQ LQ %H]XJ DXI YHU
VFKLHGHQH$VSHNWH ± HWZD KLQVLFKWOLFK GHU WHFKQRORJLVFKHQ5HDOLVLHUEDUNHLW GHU5LVLNHQ GHU
1HEHQZLUNXQJHQHWF±]XWUHIIHQ 






ZLUG DOV QHXWUDOEHVFKUHLEHQG YHUVWDQGHQ VLH LPSOL]LHUW QLFKW GDVV HLQH JU|VVHUH $XVZDKO DQ 2SWLRQHQ IU VLFK
JHQRPPHQ EHVVHU LVW RGHU GLH MHZHLOLJHQ +DQGOXQJVRSWLRQHQ LQ MHGHP )DOO SRVLWLY ]X EHZHUWHQ VLQG 'LH GXUFK






$YHQ 	 5HQQ  6HOEVW EHL 8PVHW]XQJ DOOHU 9RUVLFKWVPDVVQDKPHQ NDQQ YRQ HLQHP 5HVWULVLNR DXVJHJDQJHQ
ZHUGHQ ZHOFKHV QLFKW ZHLWHU UHGX]LHUEDU LVW RKQH EHUKDXSW DXI GLH HQWVSUHFKHQGH$NWLYLWlW ]X YHU]LFKWHQ 1LGD
5PHOLQ 	 6FKXOHQEXUJ  'LH .ULWHULHQ XQG 0HWKRGHQ PLW GHQHQ GLH 8QJHZLVVKHLW XQG GLH )ROJHQ YRQ
7lWLJNHLWHQHLQJHVFKlW]WZHUGHQJHQDXVRZLHGLH&KDUDNWHULVLHUXQJZDVEHUKDXSWYRQJHVHOOVFKDIWOLFKHP:HUW LVW





LGHQWLIL]LHUWZHUGHQ ©8QVLFKHUH.RQVHTXHQ]HQ HLQHU(QWVFKHLGXQJVDOWHUQDWLYH GLH SRVLWLY EHZHUWHWZHUGHQZHUGHQ
GHPJHJHQEHUXQWHUGHP%HJULIIGHU&KDQFHVXEVXPPLHUWª 1LGD5PHOLQ	6FKXOHQEXUJ6*HKWPDQ
YRQ UDWLRQDOHQ$NWHXULQQHQXQG$NWHXUHQDXV VRZHUGHQ5LVLNHQGHVKDOEHLQJHJDQJHQZHLO GLH&KDQFHDXI SRVLWLY
EHZHUWHWH$XVZLUNXQJHQHLQHU$NWLYLWlWEHVWHKW1LGD5PHOLQ	6FKXOHQEXUJ6
+HUDXVIRUGHUXQJHQ
$OV+HUDXVIRUGHUXQJHQZHUGHQ LQ GLHVHP%HULFKW 3UREOHPH RGHU+LQGHUQLVVH YHUVWDQGHQ GLH GHU (UUHLFKXQJ HLQHV
=LHOVHQWJHJHQVWHKHQ2EHWZDV]XHLQHU+HUDXVIRUGHUXQJZLUGLVWZLHGHUXPSHUVSHNWLYHQDEKlQJLJMHQDFKGHPZDV







VFKQLWW XPGHU&KDQFHZLOOHQHWZD(UENUDQNKHLWHQYHUKLQGHUQ]XN|QQHQ VLHKH$EVFKQLWW )U3HUVRQHQ
JUXSSHQGLHDXVHWKLVFKPRUDOLVFKHQ*UQGHQJHJHQ(LQJULIIH LQGLH.HLPEDKQRGHUJHJHQYHUEUDXFKHQGH(PEU\R
QHQIRUVFKXQJHLQWUHWHQVWHOOWGLHHUIROJUHLFKH5HDOLVLHUXQJYRQ.HLPEDKQHLQJULIIHQKLQJHJHQHLQ5LVLNRIUYXOQHUDEOH












WHQ ,QVWLWXWLRQHQ N|QQHQ GHQ 6R]LDO XQG:LUWVFKDIWVZLVVHQVFKDIWHQ ,QVWLWXW IU +|KHUH 6WX
GLHQGHQ1DWXUZLVVHQVFKDIWHQXQGGHU7HFKQLN7HFKQLVFKH8QLYHUVLWlW*UD]GHU3KLORVRSKLH
XQG7KHRORJLH.DWKROLVFKH3ULYDWXQLYHUVLWlW/LQ]XQGGHQ5HFKWVZLVVHQVFKDIWHQ8QLYHUVLWlW
/X]HUQ ]XJHRUGQHWZHUGHQ ,QKDOWOLFK ]HLJW VLFKGLH ,QWHUGLV]LSOLQDULWlW GDULQ GDVVGLH6WXGLH
QLFKWQXUHLQHQDWXUZLVVHQVFKDIWOLFKWHFKQLVFKH3HUVSHNWLYHHLQQLPPWVRQGHUQGDUEHUKLQDXV
VR]LDOH UHFKWOLFKH XQG HWKLVFKH$VSHNWH GLHVHU 7HFKQRORJLH XQG LKUHU$QZHQGXQJHQ LQ GHQ
%OLFNQLPPW
'LH 8QWHUVXFKXQJ RULHQWLHUW VLFK DQ .RQ]HSWHQ GHU 7HFKQLNIROJHQDEVFKlW]XQJ *UXQZDOG
6LPRQLV(LQHUVHLWV LVWVLHDOV([SHUWLQQHQXQG([SHUWHQ7HFKQLNIROJHQDEVFKlW
]XQJ JHVWDOWHW 'LH ,QIRUPDWLRQHQ EHU GHQ 6WDQG GHU WHFKQRORJLVFKHQ (QWZLFNOXQJ XQG GLH
(LQVFKlW]XQJHQ GHU$QZHQGXQJHQXQG LKUHU$XVZLUNXQJHQ VWDPPHQDXVZLVVHQVFKDIWOLFKHQ

















FKH XQG DXIDUEHLWXQJ VLHKH$EVFKQLWW  ,QWHUYLHZVPLW ([SHUWLQQHQ XQG([SHUWHQ VLHKH
$EVFKQLWW  VRZLH ]ZHLHU6WDNHKROGHU:RUNVKRSV VLHKH$EVFKQLWW  DQDO\VLHUWHQ VSH]L
ILVFKHQ $QZHQGXQJVIHOGHU GHV *HQRPH (GLWLQJV HQWODQJ GHU OHLWHQGHQ )RUVFKXQJVIUDJHQ
EHOHXFKWHWLP%HUHLFK+XPDQPHGL]LQGLH;HQRWUDQVSODQWDWLRQ.DSLWHOGLHVRPDWLVFKH*HQ
WKHUDSLH.DSLWHOXQGGLH.HLPEDKQWKHUDSLH.DSLWHOLP%HUHLFK/DQGZLUWVFKDIWGLH3IODQ
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,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJYRQ*HQRPH(GLWLQJ 
]HQ]XFKW .DSLWHO  XQG GLH 7LHU]XFKW .DSLWHO  VRZLH EHU GLHVH %HUHLFKH KLQDXV *HQH
'ULYH$QZHQGXQJHQ.DSLWHO
(LQ MXULVWLVFKHV*XWDFKWHQ 0HWKRGLN VLHKH$EVFKQLWW  DQDO\VLHUW GHQ UHFKWOLFKHQ.RQWH[W
GHU1XW]XQJYRQ*HQRPH(GLWLQJLQ0HGL]LQ/DQGZLUWVFKDIWXQGIU*HQH'ULYHV'DV*XWDFK
WHQJHKWDXIUHFKWOLFKH6WDWXVIUDJHQXQG*UHQ]IUDJHQHWZDGHU0HQVFKHQXQG7LHUZUGHRGHU
GHP 6WDWXV XQJHERUHQHQ /HEHQV XQG YRQ 1DFKNRPPHQ HLQ XQG ]HLFKQHW GHQ MXULVWLVFKHQ













GLH HLQH *UXQGODJH ELHWHQ IU GLH (UOlXWHUXQJ XQWHUVFKLHGOLFKHU WHFKQRORJLVFKZLVVHQVFKDIW
OLFKHU *UXQGODJHQ XQG VSH]LILVFKHU $VSHNWH GHU YHUVFKLHGHQHQ PHGL]LQLVFKWKHUDSHXWLVFKHQ
$QZHQGXQJHQ IU GLH$QDO\VH GHV GHU]HLWLJHQ )RUVFKXQJVVWDQGHV LP MHZHLOLJHQ*HELHW IU
GDV$XI]HLJHQYRQ0|JOLFKNHLWHQ5LVLNHQXQG)ROJHQGHU7HFKQRORJLHXQG LKUHU$QZHQGXQJ
XQG IU GLH %HXUWHLOXQJ GHU %HGHXWXQJ YRQ *HQRPH (GLWLQJ IU YHUJDQJHQH XQG ]XNQIWLJH
(QWZLFNOXQJHQ
'LH 6XFKVWUDWHJLH YDULLHUWH MH QDFK 7KHPHQJHELHW ,Q HLQHP HUVWHQ 6FKULWW LGHQWLIL]LHUWH GDV
)RUVFKXQJVWHDPGLH LP MHZHLOLJHQ)RUVFKXQJVIHOG]HQWUDOHQ7KHPHQ%HJULIIHXQGGHUHQ6\















KDQGHQ ZDUHQ EHUFNVLFKWLJW ZHUGHQ 'LH /LWHUDWXU XQG 'RNXPHQWHQUHFKHUFKH ]X*HQRPH
(GLWLQJ LQGHU/DQGZLUWVFKDIWXQG IU*HQH'ULYH$QZHQGXQJHQHUIROJWH LQGHQ'DWHQEDQNHQ
:HERI6FLHQFHXQGWHLOZHLVH*RRJOH6FKRODU3ROLF\GRNXPHQWHXQG6WDNHKROGHUVLFKWZHLVHQ
ZXUGHQ EHU HLQH DOOJHPHLQH:HEUHFKHUFKH LGHQWLIL]LHUW$XVZDKONULWHULHQ EHL GHU'XUFKVLFKW
GHU6XFKHUJHEQLVVHZDUHQGLHLQKDOWOLFKH5HOHYDQ]GHV$UWLNHOVGLH4XDOLWlWGHV-RXUQDOVVR
ZLH GLH 7DWVDFKH GDVV $UWLNHO YRU LKUHU 3XEOLNDWLRQ HLQ 3HHU5HYLHZ9HUIDKUHQ GXUFKODXIHQ
KDEHQ$XIJUXQGGHVJURVVHQWKHPDWLVFKHQ8PIDQJVXQGGHU9LHO]DKODQ MlKUOLFKHQ3XEOLND


























*RRJOH6FKRODU R- LVWHLQH ,QWHUQHWVXFKPDVFKLQH IUYHUVFKLHGHQH$UWHQZLVVHQVFKDIWOLFKHU'RNXPHQWH1HEHQ




KHUDQJH]RJHQZXUGHQ VLQG NHLQ 3HHU5HYLHZ9HUIDKUHQ GXUFKODXIHQ$XFK6WHOOXQJQDKPHQ YRQZLVVHQVFKDIWOLFKHQ
,QVWLWXWLRQHQ$NDGHPLHQRGHU.RPPLVVLRQHQZHUGHQRIW QLFKW LQDQRQ\PHQ3HHU5HYLHZ9HUIDKUHQEHJXWDFKWHW VLH
ZXUGHQEHLHQWVSUHFKHQGHU4XDOLWlWGHQQRFKKHUDQJH]RJHQ
'DV©([SHUWH6HLQLVWNHLQHSHUVRQDOH(LJHQVFKDIWRGHU)lKLJNHLWVRQGHUQHLQH=XVFKUHLEXQJª%RJQHUHWDO
 GLH HWZD GLH LQWHUYLHZIKUHQGHQ )RUVFKHULQQHQ XQG )RUVFKHU VRZLH JHVHOOVFKDIWOLFKH .HQQ]HLFKQXQJVSUR]HVVH




'LH YRUOLHJHQGH 6WXGLH GHILQLHUW ([SHUWLQQHQ XQG ([SHUWHQ DOV 3HUVRQHQ GLH VHOEVW ZLVVHQ
VFKDIWOLFK LP)HOG XQG DQ NRQNUHWHQ(QWZLFNOXQJHQ XQG$QZHQGXQJHQ DUEHLWHQ RGHU XPIDV
VHQG EHU GDV MHZHLOLJH )HOG XQG GDPLW YHUEXQGHQH$QZHQGXQJHQ JHDUEHLWHW KDEHQ 'LHVH
'HILQLWLRQ XPIDVVW JUXQGODJHQ XQG DQZHQGXQJVRULHQWLHUW )RUVFKHQGH ZHOFKH XQWHU (LQVDW]
YRQ*HQRPH(GLWLQJQHXHV:LVVHQ VFKDIIHQRGHU NRQNUHWH(QWZLFNOXQJHQYRUDQWUHLEHQRGHU
ZHOFKHGLH(QWZLFNOXQJXQG$XVZLUNXQJHQYRQEHVWLPPWHQZLVVHQVFKDIWOLFKHQ%HVWUHEXQJHQ














ZXUGHQ NHLQH$QWZRUWP|JOLFKNHLWHQ YRUJHJHEHQXQGGLH ,QWHUYLHZIKUXQJZDU ]XUFNKDOWHQG
XP GDV$QWZRUWYHUKDOWHQ QLFKW ]X EHHLQIOXVVHQ 'XUFK JH]LHOWHV1DFKIUDJHQ XQG$XIEULQJHQ







DXI GLH IRUVFKXQJVOHLWHQGH)UDJHVWHOOXQJ VRZLHGLH(LQVLFKWHQDXVGHP/LWHUDWXUVWXGLXPDXI
'LH/HLWIlGHQZXUGHQQLFKWVWDUUDQJHZDQGWVRQGHUQ MHQDFK7KHPDXQGLQWHUYLHZWHU3HUVRQ





 4XDOLWDWLYH /HLWIDGHQLQWHUYLHZV KDEHQ GHQ 9RUWHLO GDVV EHVWLPPWH 7KHPHQ LQ %H]XJ DXI *HQRPH (GLWLQJ JH]LHOW




WLQJV YRQ9RUWHLO LVW*OHLFK]HLWLJ VWUXNWXULHUHQGLH/HLWIUDJHQEH]LHKXQJVZHLVH WKHPHQGLH*HVSUlFKHVRZHLW GDVV
HLQH9HUJOHLFKEDUNHLW]ZLVFKHQYHUVFKLHGHQHQ,QWHUYLHZVHLQIDFKHUP|JOLFKLVW
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
'LH ,QWHUYLHZVZXUGHQDXIJHQRPPHQ$XGLRXQGDXV]XJVZHLVH WUDQVNULELHUW'LH IUGLH8Q






VSHNWLYHQZXUGH LQ GHU9HUJDQJHQKHLW LPPHUZLHGHU YHUQDFKOlVVLJW HWZD LQ%H]XJ DXI JHQ
WHFKQLVFKPRGLIL]LHUWH2UJDQLVPHQLQGHU/DQGZLUWVFKDIW'DGXUFKVLQGVWDUUHJHVHOOVFKDIWOLFKH








GHQ ]ZHL6WDNHKROGHU:RUNVKRSV LQ GHU6FKZHL] GXUFKJHIKUW'LH:RUNVKRSV ]LHOWHQ GDEHL
QLFKWQRWZHQGLJHUZHLVHDXIHLQHQ.RQVHQVDEVRQGHUQVROOWHQHLQHQNRQVWUXNWLYHQ$XVWDXVFK
PLW GHP 7KHPD DQVWRVVHQ XQG YHUVFKLHGHQH JHVHOOVFKDIWOLFKH 3RVLWLRQHQ GHXWOLFK PDFKHQ
'LHVH:RUNVKRSV VWHOOHQ HLQHQ HUVWHQ 6FKULWW HLQHU P|JOLFKHQ ZHLWHUHQ XPIDVVHQGHUHQ XQG
OlQJHUIULVWLJHQ|IIHQWOLFKHQ'HEDWWHGDU:HLWHUH)ROJHSURMHNWHXQGLQLWLDWLYHQVROOWHQGLH5HIOH
[LRQ XQG'LVNXVVLRQ ]XP7KHPD*HQRPH(GLWLQJ XQG GHQ$XVWDXVFK YHUVFKLHGHQHU JHVHOO
VFKDIWOLFKHU*UXSSHQ]XGLHVHP7KHPDIRUFLHUHQVLHKH$EVFKQLWW
$OV 6WDNHKROGHU JHOWHQ KLHU 3HUVRQHQ GLH YRQ PLW *HQRPH (GLWLQJ0HWKRGHQ YHUNQSIWHQ
WHFKQRORJLVFKHQ (QWZLFNOXQJHQ XQG GDUDXV HQWVWHKHQGHQ $QZHQGXQJHQ EHWURIIHQ VLQG
XQGRGHUGLH(LQIOXVVDXIGLH(QWZLFNOXQJXQG$QZHQGXQJQHKPHQN|QQHQ6FKLOOHU:LQWHUV
+DQVRQ	$VKH 'LH%HWURIIHQKHLWZLHDXFKGHUHQ(LQIOXVV N|QQHQGDEHL JDQ]XQWHU
VFKLHGOLFKH )RUPHQ DQQHKPHQ -H QDFK$QZHQGXQJVIHOG EHUVFKQHLGHQ XQG XQWHUVFKHLGHQ


















EDUHQ5HDNWLRQHQ GHU7HLOQHKPHQGHQ DXI GLH$XVIKUXQJHQ DXIP|JOLFKH /HHUVWHOOHQ LQ GHU
%HDUEHLWXQJ GHV 7KHPDV VRZLH DXI GLH %HXUWHLOXQJ GHU GXUFK GDV 3URMHNWWHDP HUDUEHLWHWHQ
,QIRUPDWLRQHQ,P:RUNVKRS]XU.HLPEDKQWKHUDSLHZXUGHDXVVHUGHPGLVNXWLHUWZLHHLQHEUHLWH
JHVHOOVFKDIWOLFKH 'LVNXVVLRQ YRQ *HQRPH (GLWLQJ$QZHQGXQJHQ LQ GHU 6FKZHL] DXVVHKHQ
N|QQWHXQGZHOFKH5DKPHQEHGLQJXQJHQXQG5HVVRXUFHQIUGHUHQ,QLWLLHUXQJXQG8PVHW]XQJ
QRWZHQGLJZlUHQ




7LWHO Keimbahntherapie und Genome Editing Genome Editierung für Landwirtschaft und 
Lebensmittelproduktion: Perspektiven für die 
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
'LH:RUNVKRSVZXUGHQGHWDLOOLHUWSURWRNROOLHUW'LH3URWRNROOHGLHQWHQDOVHLQHZHLWHUH,QIRUPD







'LH$QDO\VH GHU UHFKWOLFKHQ 5DKPHQEHGLQJXQJHQ EHUFNVLFKWLJW GLH GLIIHUHQ]LHUWH UHFKWOLFKH
/DJHGHUXQWHUVFKLHGOLFKHQ$QZHQGXQJVJHELHWHYRQ*HQRPH(GLWLQJDXFKZHLO LQGHQXQWHU
VFKLHGOLFKHQ)HOGHUQPLWXQWHUDEZHLFKHQGHQRUPDWLYH3UlPLVVHQXQG$UJXPHQWDWLRQVVWUXNWX
UHQ H[LVWLHUHQ ,P =HQWUXP GHU$QDO\VH XQG %HXUWHLOXQJ VWHKW GLH 5H]HSWLRQ UHFKWVZLVVHQ
VFKDIWOLFKHUVRZLHLQWHUGLV]LSOLQlUHU)DFKEHLWUlJH
'LH$QDO\VHJOLHGHUWH VLFK LQEHUJUHLIHQGH$QZHQGXQJVIHOGHUGHU6WXGLH LQ+XPDQPHGL]LQ
/DQGZLUWVFKDIWXQG*HQH'ULYHVZREHLLQQHUKDOEGLHVHU)HOGHU6FKZHUSXQNWHJHVHW]WZXUGHQ
,QGHU+XPDQPHGL]LQZXUGHQ;HQRWUDQVSODQWDWLRQXQG.HLPEDKQWKHUDSLHPLWHLQHP)RNXVDXI




=XVDPPHQKDQJ HUVFKHLQW HV GXUFKDXV ]ZHFNPlVVLJ EHUHLWV DXI GHU (EHQH GHU UHFKWOLFKHQ
%HZHUWXQJQHEHQUHFKWVZLVVHQVFKDIWOLFKHQDXFK WHFKQLNVR]LRORJLVFKH%HVFKUHLEXQJHQHLQ]X
EH]LHKHQZHOFKHGHQ%HVRQGHUKHLWHQQHXHU7HFKQRORJLHQPLWHQWVSUHFKHQGHQ%HJULIIVELOGXQ






7KHPHQEHUJUHLIHQGH 6FKOVVHOIUDJHQ ZXUGHQ KHUDXVJHDUEHLWHW GHUHQ HLQKHLWOLFKH %HKDQG
OXQJ]XHLQHUYHUEHVVHUWHQ.RKlUHQ]LQGHQHLQ]HOQHQ5HJHOXQJVIHOGHUQEHL]XWUDJHQYHUPDJ
'DEHL ODVVHQ VLFK LQ GHU UHFKWOLFKHQ$XVHLQDQGHUVHW]XQJ XP *HQRPH (GLWLQJ JHQHUHOO GUHL




%HLVSLHO GLH LQ GHU ODQGZLUWVFKDIWOLFKHQ /HEHQVPLWWHOSURGXNWLRQ DNWXHOOH7HQGHQ] EHLP(LQVDW] YRQ*HQRPH(GLWLQJ
GDUDXI]XYHUZHLVHQGDVVGLHVH LP(UJHEQLV©QDWXULGHQWLVFKHª3URGXNWHXQGVRPLWNHLQHJHQWHFKQLVFKYHUlQGHUWHQ
2UJDQLVPHQ *92 LP6LQQH GHV*HQWHFKQLNUHFKWV HU]HXJH'HPJHJHQEHU VWHKW LP KXPDQPHGL]LQLVFKHQ$QZHQ
GXQJVEHUHLFKDXVVHU=ZHLIHO GDVV*HQRPH(GLWLQJDOVHLQH WHFKQLVFKH)RUWHQWZLFNOXQJ LQVEHVRQGHUH IU GLH*HQ
WKHUDSLHJHOWHQNDQQ























JHRUGQHW 0LW GLHVHP 9RUJHKHQ NRQQWH VLFKHUJHVWHOOW ZHUGHQ GDVV DOOH %HJULIIH XQG 8QWHU
VFKHLGXQJHQVRZLH$UJXPHQWHXQG(PSIHKOXQJHQGLHYRQGHQLQVWLWXWLRQHOOHQ$NWHXULQQHQXQG
$NWHXUHQYRUJHEUDFKWZXUGHQEHUFNVLFKWLJWZHUGHQ$OVLQVWLWXWLRQHOOH$NWHXULQQHQXQG$NWHX
UH ]lKOHQ KLHU QDWLRQDOH (WKLNUlWH XQG NRPPLVVLRQHQ $NDGHPLHQ GHU :LVVHQVFKDIWHQ YHU
VFKLHGHQHU6WDDWHQ XQG /lQGHU LQWHUQDWLRQDOH VXSUDQDWLRQDOH XQG QDWLRQDOH.RQVRUWLHQ XQG
%HUDWXQJVJUHPLHQ VRZLH SULYDWH JHPHLQQW]LJH 2UJDQLVDWLRQHQ $XIJUXQG GLHVHU $XVZDKO








QHKPHQVEHIUDJXQJ GDUDXI DEJH]LHOW HLQHQ TXDOLWDWLYHQ hEHUEOLFN EHU GLH 3HUVSHNWLYH YRQ
6FKZHL]HU8QWHUQHKPHQDXI*HQRPH(GLWLQJXQGEHUGDPLW YHUEXQGHQH|NRQRPLVFKH$XV
ZLUNXQJHQ]XHUODQJHQGLHJHQDXHQ)UDJHVWHOOXQJHQZHUGHQLQ.DSLWHOHU|UWHUW=XGLHVHP
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
=ZHFN ZXUGH HLQ )UDJHERJHQ HUVWHOOW XQG RQOLQH DQ UHOHYDQWH 6FKZHL]HU 8QWHUQHKPHQ YHU
VDQGW'DV8QWHUVXFKXQJVGHVLJQZXUGHEHZXVVWH[SORUDWLYDQJHOHJW,P5DKPHQGHU0|JOLFK
NHLWHQLP.RQWH[WGHV*HVDPWSURMHNWHVZDUHVXQP|JOLFK±XQGDXFKQLFKWDQJHVWUHEW±HLQH
























'LH %HJOHLWJUXSSH EUDFKWH +LQZHLVH ]X 6WXGLHQGHVLJQ XQG PHWKRGHQ ]X GHQ XQWHUVFKLHG
OLFKHQ EHKDQGHOWHQ 7KHPHQ ]X UHOHYDQWHQ 6FKZHL]HU$NWHXULQQHQ XQG$NWHXUHQ ± HWZD IU
,QWHUYLHZV 6WDNHKROGHU:RUNVKRSV RGHU GLH8QWHUQHKPHQVEHIUDJXQJ ± VRZLH ]XP7HLO VHKU
GHWDLOUHLFKH5FNPHOGXQJHQ]X$XIEDXXQG)RUPXOLHUXQJGHU6WXGLHHLQhEHUGLH6LW]XQJHQ
KLQDXVNRQQWHQLQELODWHUDOHQ*HVSUlFKHQRGHUSHU(0DLO.RPPXQLNDWLRQ)UDJHQJHNOlUWXQG
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 *UXQGODJHQGHV*HQRPH(GLWLQJV




















'LH XQWHUVFKLHGOLFKHQ *HQRPH (GLWLQJ9HUIDKUHQ EHVLW]HQ MHZHLOV HLQ VSH]LILVFKHV (OHPHQW
GDVGLHHLJHQWOLFKH©*HQ6FKHUHªDQGHQULFKWLJHQ2UWGHU'1$IKUW%HL=)1XQG7$/(1VLQG
HV EHVWLPPWH 3URWHLQH EHL &5,635&DV HLQH VRJHQDQQWH VLQJOH JXLGH 51$ VJ51$ 'LH
MHZHLOLJHQ6\VWHPHZHUGHQVRKHUJHVWHOOWGDVVGHUHQ©6RQGHªGLHJHZQVFKWHQ%DVHQSDDUH
XQGVHTXHQ]HQLQGHU'1$HUNHQQWXQGRUWVVSH]LILVFK©DQGRFNWª$OV©6FKHUHªGLHQHQ1XNOH




















6WHOOH GXUFKWUHQQW'LH*HQRPH(GLWLQJ6\VWHPHZHUGHQ LP/DERU VR KHUJHVWHOOW GDVVJDQ]
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
,QIRER[(LQLJH*UXQGEHJULIIHGHU*HQHWLN
'DV*HQRP LVW GLH *HVDPWKHLW GHU JHVSHLFKHUWHQ (UELQIRUPDWLRQHQ HLQHV2UJDQLVPXV 'LH '1$ 'HR[\ULERQXFOHLF
DFLG LVWGDVPDWHULHOOH7UlJHUPHGLXPGHU(UELQIRUPDWLRQ%HLP0HQVFKHQXQGEHLDQGHUHQ/HEHZHVHQ LVWGLH.HUQ




'LH '1$ EHVWHKW DXV ]ZHL IDGHQI|UPLJHQ 0ROHNOHQ GLH OlQJVVHLWLJ PLWHLQDQGHU YHUEXQGHQ VLQG XQG VR GHQ
'1$'RSSHOVWUDQJ ELOGHQ 'LH YHUEXQGHQHQ 6WUlQJH VLQG LQHLQDQGHU VSLUDOI|UPLJ YHUGUHKW XQG ELOGHQ GLH FKDUDN
WHULVWLVFKH'RSSHOKHOL[GHU'1$'LH6WUlQJHEHVLW]HQMHZHLOVHLQ¶(QGHIUHLHV&$WRPXQGHLQ¶(QGHIUHLHV&
$WRP'LHPLWHLQDQGHUYHUEXQGHQHQ6WUlQJHVLQGGLHVEH]JOLFKHQWJHJHQJHVHW]WRULHQWLHUW'LH'1$LVWLKUHUVHLWVXP















DXI GHQ ,QIRUPDWLRQHQ HLQHV *HQV ZLUG VRJHQDQQWH %RWHQ51$ PHVVHQJHU 51$ P51$ LQ HLQHP NRPSOH[HQ
9RUJDQJ PLWWHOV 51$3RO\PHUDVHQ GDV VLQG VSH]LHOOH (Q]\PH V\QWKHWLVLHUW (V ZLUG GDPLW HLQH $EVFKULIW GHU
JHVSHLFKHUWHQ ,QIRUPDWLRQDQJHIHUWLJW GLHVHU3UR]HVVZLUGDOV7UDQVNULSWLRQEH]HLFKQHW51$YHUIJWQXUEHUHLQHQ
6WUDQJ EHUHLQH5LERVHDOV=XFNHUEHVWDQGWHLO GHU1XNOHRWLGH VRZLHDQVWHOOH YRQ7K\PLQEHUGLH%DVH8UDFLO 8
:lKUHQG GLH'1$ LP=HOONHUQ YHUEOHLEW ZLUG GDV51$0ROHNO XQGPLW LKPGLH NRSLHUWH ,QIRUPDWLRQ GHV MHZHLOLJHQ
*HQVLQV=\WRSODVPDDXVVHUKDOEGHV=HOONHUQVWUDQVSRUWLHUW,QGHQ5LERVRPHQZLUGGXUFKGHQ3UR]HVVGHU7UDQVODWLRQ












'RSSHOVWUDQJEUFKH WUHWHQ DXFK GXUFK DQGHUH )RUPHQ GHU (LQZLUNXQJ DXI =HOOHQ DXI EHL
VSLHOVZHLVHGXUFK896WUDKOXQJ6LHN|QQHQVFKlGOLFKIUGLHEHWURIIHQH=HOOHXQGGHQMHZHLOL




VW|UWH '1$'RSSHOVWUDQJ DQKDQG LQWDNWHU '1$ DXI GHP JHJHQEHUOLHJHQGHQ &KURPDWLG




YHUNQSIW 'D EHL GLHVHU 9HUNQSIXQJ MHGRFK NHLQH JHQDXH 9RUODJH GHU %DVHQDEIROJH
YRUKDQGHQLVWLVWVLHZHLWZHQLJHUJHQDXDOVGLH+'5XQGIKUWPLWXQWHU]X0XWDWLRQHQ]X
,QVHUWLRQHQ XQGRGHU 'HOHWLRQHQ ]XVDPPHQJHIDVVW ,QGHOV *UDZ  6 ±
0HKWD	+DEHU 
*HQRPH (GLWLQJ9HUIDKUHQ QXW]HQ GLHVH ]HOOXOlUHQ 5HSDUDWXUPHFKDQLVPHQ XP QDFK GHP
'RSSHOVWUDQJEUXFK HUZQVFKWH 9HUlQGHUXQJHQ GHU '1$ KHUYRU]XUXIHQ =)1 7$/(1 RGHU







NHLQH 9RUODJH IU GHVVHQ 5HSDUDWXU YRUKDQGHQ LVW YHUVXFKW GLH =HOOH GHQ %UXFKPLWWHOV
1+(- ]X UHSDULHUHQ 'D GDV 1+(- MHGRFK HLQ XQJHQDXHU 5HSDUDWXUPHFKDQLVPXV LVW
N|QQHQEHLGHU5HSDUDWXU0XWDWLRQHQ,QGHOVHQWVWHKHQGLHLQGLHVHP)DOOHUZQVFKWVLQG
'HQQGXUFKGLHVH0XWDWLRQHQYHUOLHUWGDV*HQVHLQH)XQNWLRQHVZLUGDXVJHVFKDOWHW
x .QRFNLQ '1$6HTXHQ]HQ HQWZHGHU GHU JOHLFKHQ$UW &LVJHQ RGHU HLQHU DQGHUHQ$UW
7UDQVJHQN|QQHQDOV9RUODJHQIUGLH5HSDUDWXUGHV'RSSHOVWUDQJEUXFKVPLWLQGHQ=HOO
NHUQHLQJHEUDFKWZHUGHQ'LH+'5EDXWGLHVHGDQQ LQGLH'1$HLQ6RN|QQHQNOHLQHUH
*HQNRUUHNWXUHQ RGHU 3XQNWPXWDWLRQHQ DEHU DXFK JU|VVHUH 6HTXHQ]HQ HLQJHEUDFKW
ZHUGHQ'LHVHV.QRFNLQNDQQHEHQVRHQWODQJHLQHULQGHU=HOOHYRUKDQGHQHQ*HQVHTXHQ]
DXIGHPJHJHQEHUOLHJHQGHQ&KURPDWLGHUIROJHQ
x 'HOHWLRQ 0LWHLQJHEUDFKWH '1$6HTXHQ]HQ N|QQHQ HLQH ©/HHUVWHOOHª WUDJHQ GLH GDQQ
PLWWHOV +'5 DXI GLH '1$ EHUWUDJHQ ZLUG /|VFKXQJ GHU HQWVSUHFKHQGHQ 6HTXHQ] (V
NDQQDEHUDXFKGHU0HFKDQLVPXV1+(-JHQXW]WZHUGHQLQGHP]ZHL'RSSHOVWUDQJEUFKH
KHUYRUJHUXIHQZHUGHQ GLHHLQHQ7HLO GHU'1$©KHUDXVVFKQHLGHQª'DPLW NDQQHEHQIDOOV
GLH,QYHUVLRQ8PGUHKXQJGHVKHUDXVJHVFKQLWWHQHQ$EVFKQLWWHVHUUHLFKWZHUGHQ
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*UXQGODJHQGHV*HQRPH(GLWLQJV 














JDQLVPXV ZHUGHQ YHUlQGHUW LQGHP HWZD HLQ *HQ DXVJHVFKDOWHW ZLUG .QRFNRXW RGHU $E
VFKQLWWH GHV *HQV KHUDXVJHVFKQLWWHQ ZHUGHQ 'HOHWLRQ $QGHUHUVHLWV LVW HV P|JOLFK
'1$6HTXHQ]HQ EH]LHKXQJVZHLVH *HQH HLQHU DQGHUHQ $UW LQ GLH '1$ HLQ]XEDXHQ ,QGHP
*HQVHTXHQ]HQ DQGHUHU$UWHQ DOV 9RUODJH IU GLH 5HSDUDWXU GHV 'RSSHOVWUDQJEUXFKV HLQJH
EUDFKWZHUGHQN|QQHQVRJHQDQQWHWUDQVJHQH2UJDQLVPHQHUVFKDIIHQZHUGHQ:LHGHU%HULFKW
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
(QWODQJGHU$UWGHU9HUlQGHUXQJZHUGHQ*HQRPH(GLWLQJ9HUIDKUHQLQ LKUHU$QZHQGXQJDXFK





SHOVWUDQJEUXFK JHQXW]W ZLUG$XFK6'19HUIDKUHQ QXW]HQ+'5XQG HLQJHEUDFKWH'1$ DOV




ZLUWVFKDIWOLFKHQ 1XW]XQJ YRQ*HQRPH (GLWLQJ UHOHYDQW VHLQ XQG LQ %H]XJ DXI GLH UHFKWOLFKH




'LH9HUlQGHUXQJ GHV(UEJXWV YRQ /HEHZHVHQZXUGH KLVWRULVFK DXI XQWHUVFKLHGOLFKH$UW XQG
:HLVH JH]LHOW YRUJHQRPPHQ 'XUFK GLH NRQWUROOLHUWH 6HOHNWLRQ XQG .UHX]XQJ YHUVFKLHGHQHU
3IODQ]HQXQG7LHUHQZXUGHQ LPPHUZLHGHUHUZQVFKWHELRORJLVFKH9DULDQWHQHU]HXJW ,QGHQ
HU-DKUHQ ZXUGH HQWGHFNW GDVV GXUFK 6WUDKOXQJ JHQHWLVFKH 0XWDWLRQHQ KHUYRUJHUXIHQ
ZHUGHQN|QQHQ0XOOHUVSlWHUGDVVDXFKEHVWLPPWH&KHPLNDOLHQGDIUHLQVHW]EDUVLQG
$XHUEDFK	5REVRQ6HLW0LWWHGHV-DKUKXQGHUWVZLUGGLHVRJHQDQQWH0XWDWLRQV
]FKWXQJ EHL 3IODQ]HQ EHWULHEHQ EHL GHU GXUFK 6WUDKOXQJ ]XIlOOLJH 0XWDWLRQHQ LQ HLQ]HOQHQ
([HPSODUHQKHUYRUJHUXIHQZHUGHQ)DOOVGDGXUFKHLQH3IODQ]HQHXHHUZQVFKWH(LJHQVFKDIWHQ
DXIZHLVWNDQQGLHVHIUGLHZHLWHUH=XFKWKHUDQJH]RJHQZHUGHQ
0LW GHP ZDFKVHQGHQ 9HUVWlQGQLV JHQHWLVFKHU =XVDPPHQKlQJH XQG QHXHU WHFKQRORJLVFKHU
0|JOLFKNHLWHQZXUGHQJH]LHOWHUHJHQWHFKQLVFKH9HUIDKUHQGLHQLFKWDXIGLHQDWUOLFKH'LYHUVLWlW
RGHU DXI KHUEHLJHIKUWH ]XIlOOLJH 0XWDWLRQHQ DXIEDXHQ HQWZLFNHOW XQG DQJHZHQGHW XP GLH
'1$YRQ2UJDQLVPHQ]XYHUlQGHUQ$QIDQJGHUHU-DKUHZXUGHPLWKLOIHGHUHUVWNXU]]X
YRU HQWGHFNWHQ 5HVWULNWLRQVHQ]\PH XQG LKUHU )lKLJNHLWHQ '1$ HUNHQQHQ XQG VFKQHLGHQ ]X
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
ZXUGHPLWWHOV*HQH7DUJHWLQJHUVWPDOVHLQHJHQHWLVFKYHUlQGHUWH0DXVHUVFKDIIHQEHL












ZXUGH LQ 6lXJHWLHU]HOOHQ JH]HLJW GDVV GDV+HUYRUUXIHQ HLQHV JH]LHOWHQ'RSSHOVWUDQJ
EUXFKVPLWWHOV(QGRQXNOHDVH]XU5HSDUDWXU GHU'1$PLWWHOV1+(-RGHU+'5 IKUW'LH)UH





0HJDQXNOHDVHQ DXFK DOV +RPLQJ (QGRQXNOHDVHQ EH]HLFKQHW VLQG QDWUOLFK YRUNRPPHQGH
3URWHLQH LQ GHQHQ DQGHUV DOV EHL =LQNILQJHU XQG 7$/( GLH '1$HUNHQQHQGH XQG '1$
VFKQHLGHQGH(LQKHLW LQWHJULHUWVLQG+VX/DQGHU	=KDQJ6LHZXUGHQHUVWPDOVLQGHQ







XQG =LQNILQJHU ZDV VLH ZLHGHUXP IU GHQ 7UDQVSRUW LQ GLH =HOOH DWWUDNWLY PDFKW 'LH
'1$(UNHQQXQJVVHTXHQ] YRQ0HJDQXNOHDVHQ LVWPHLVW ]ZLVFKHQ  XQG 1XNOHRWLGH QW
ODQJZDVHLQHKRKH6SH]LILWlWHUODXEW'LH+HUVWHOOXQJLVWMHGRFKNRPSOH[$OH[DQGHU
 =LQNILQJHU1XNOHDVH=)1
0LWWH GHU HU-DKUHZXUGHQ LQ HLQHU .UDOOHQIURVFKDUW (Xenopus Laevis) =LQNILQJHUSURWHLQH
HQWGHFNW-0LOOHU0F/DFKODQ	.OXJZHOFKHGLH)lKLJNHLWKDEHQVLFKDQVSH]LILVFKH
'1$6HTXHQ]HQ]XELQGHQXQGGLH LP/DERUKHUJHVWHOOWZHUGHQN|QQHQ .OXJ'XUFK
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
GLH 9HUNQSIXQJ YRQ GHUDUWLJHQ RUWVVSH]LILVFK ELQGHQGHQ =LQNILQJHUSURWHLQHQ PLW HLQHP 5H
VWULNWLRQVHQ]\P )RN DXVHLQHP%DNWHULXP (Flavobacterium okeanokoites) NRQQWH VFKOLHVV








OHDVHQ GLH MHZHLOLJHQ 6WUlQJH DQ GHQ NRUUHNWHQ JHJHQEHUOLHJHQGHQ 6WHOOHQ VFKQHLGHQ (LQ
=LQNILQJHU0RWLYHUNHQQWMHZHLOVGUHL%DVHQSDDUHESGHU'1$XQGHVZHUGHQ]XPLQGHVWGUHL
]XVDPPHQ JHVFKORVVHQH =LQNILQJHU ]XU (UNHQQXQJ VSH]LILVFKHU '1$6HTXHQ]HQ EHQ|WLJW
'DPLW EHUXKW GLH ,GHQWLILNDWLRQ PLQGHVWHQV DXI HLQHU 6HTXHQ] YRQ QHXQ %DVHQSDDUHQ SUR
6WUDQJ XQG LQ GHU QRWZHQGLJHQ .RPELQDWLRQ ]ZHLHU =LQNILQJHU1XNOHDVHQ DXI LQVJHVDPW 
%DVHQSDDUHLQQHUKDOEGHU'1$'LHVZLUGDOVDXVUHLFKHQGDQJHVHKHQXPVHOEVWLQNRPSOH[HQ
*HQRPHQHLQHQ=LHORUWHLQ*HQJHQDX]XLGHQWLIL]LHUHQGXUFK+LQ]XIJHQZHLWHUHU=LQNILQJHU
N|QQHQ MHGRFK DXFK OlQJHUH %DVHQVHTXHQ]HQ HUNDQQWZHUGHQ &DUUROO 8UQRY5HEDU
+ROPHV=KDQJ	*UHJRU\
0LWWOHUZHLOHJLEWHV=LQNILQJHUIUQDKH]XDOOHP|JOLFKHQ&RGRQV±GDVVLQG9DULDQWHQGHU$E
IROJHGUHLHU1XNOHLQVlXUHQ± GLH IU HLQH ]LHOJHUHFKWH'1$%LQGXQJNRPELQLHUWZHUGHQN|Q
QHQ'DV'HVLJQGHUVSH]LILVFKHQ=)1HUIRUGHUW MHGRFKYLHO:LVVHQGDGLH6SH]LILWlWRIWNRQ
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
=)1ZXUGHQELVODQJLQHLQHU9LHO]DKOYRQ2UJDQLVPHQIUGLH9HUlQGHUXQJGHU'1$HLQJHVHW]W








XQG lQGHUQ GHUHQ =HOOUHJXODWLRQ XP HWZD GLH SIODQ]HQHLJHQHQ 9HUWHLGLJXQJVPHFKDQLVPHQ
JHJHQGDV%DNWHULXP]XVFKZlFKHQ%RFKHWDO0RVFRX	%RJGDQRYH
%HUHLWVEHULFKWHWHQ)RUVFKXQJVWHDPVGDYRQPLWNQVWOLFKKHUJHVWHOOWHQ7$/(1VJH]LHOWH






 YDULDEHO VLQG VLHZHUGHQ DOV5HSHDW 9DULDEOH 'LUHVLGXH 59' EH]HLFKQHW -H QDFKGHP


















7$/(1V VLQG HLQIDFKHU KHU]XVWHOOHQ DOV =)1V'D7$/(V HLQ]HOQH %DVHQ LGHQWLIL]LHUHQ ± LP
9HUJOHLFK ]X%DVHQWULSOHWV EHL =LQNILQJHUQ ± LVW JU|VVHUH)OH[LELOLWlW LQ GHU6HTXHQ]HUVWHOOXQJ
P|JOLFK7$/(1VVLQG MHGRFKPLW FD .LOREDVHQ NE SHU7$/(1±GDVKHLVVW LQVJHVDPW 
.LOREDVHQIUHLQH0RGLILNDWLRQ±UXQGGUHLPDOVRJURVVZLH=)1VGLHMHZHLOVNEJURVVVLQG
'DGXUFK LVW GHUHQ(LQEULQJXQJ LQ=HOOHQDQVSUXFKVYROOHU=HOOVFKlGLJXQJHQ WUHWHQ MHGRFKEHL











GHUH DEHU LGHQWLIL]LHUWH GLHVH 8QWHUVXFKXQJPLW &5,635 DVVR]LLHUWH *HQH Cas1 ELVCas4
GHUHQ$XIWUHWHQ LP*HQRPPLW&5,635YHUEXQGHQ LVW XQGGHUHQ IXQNWLRQDOH9HUELQGXQJPLW
&5,635DQJHQRPPHQZXUGH-DQVHQ(PEGHQ*DDVWUD	6FKRXOV1DFKHLQHU5HLKH
ZHLWHUHU(QWGHFNXQJHQXDGHU+RPRORJLHYRQ&5,635PLW9LUHQNRQQWHVFKOLHVVOLFKJH]HLJW
ZHUGHQ GDVV &5,635&DV HLQ DGDSWLYHU 9HUWHLGLJXQJVPHFKDQLVPXV YRQ %DNWHULHQ JHJHQ
9LUHQ LVWGHUYHUHUEWZLUG ,QHLQHP$QSDVVXQJVSUR]HVVDQHLQ9LUXV ,PPXQLVLHUXQJVSKDVH
ZHUGHQ7HLOH GHU YLUDOHQ'1$ LQ GLH &5,6356HTXHQ] DOV 6SDFHU HLQJHIJW GLH LQ ZHLWHUHU
)ROJH IUGLH(UNHQQXQJXQG%LQGXQJDQZHLWHUHYLUDOH'1$JHQXW]WZLUG ,P%DNWHULXP OlXIW
HLQPHKUVWXILJHU7UDQVNULSWLRQVSUR]HVVDELP=XJHGHVVHQHLQ51$6WUDQJJHELOGHWZLUGGHU





EHL ZHUGHQ GLH QRUPDOHUZHLVH EHU NRPSOHPHQWlUH %DVHQSDDUH PLWHLQDQGHU YHUEXQGHQHQ
51$6HTXHQ]HQDXVFU51$XQGWUDFU51$GXUFKHLQHNQVWOLFKKHUJHVWHOOWHXQGSURJUDPPLHU
EDUH VLQJOH JXLGHG 51$ VJ51$ HUVHW]W *DVLXQDV %DUUDQJRX +RUYDWK 	 6LNVQ\V 
-LQHN HW DO  %HUHLWV  ZXUGH JH]HLJW GDVV &5,635&DV VR NRQVWUXLHUW ZHUGHQ
 
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
NDQQGDVVPHKUHUH*HQHJOHLFK]HLWLJ0XOWLSOH[LQJXQGDXFKGLH'1$LQ6lXJHWLHU]HOOHQRGHU







WLQJ9HUIDKUHQ .< &KHQ 	 .QRHSIOHU D *OHLFK]HLWLJ ZHUGHQ &5,635&DV9HUIDKUHQ
ODXIHQGZHLWHUHQWZLFNHOW6RZXUGHDQGHU9HUEHVVHUXQJGHU&DV1XNOHDVHJHDUEHLWHW RGHU
DXFKDOWHUQDWLYH1XNOHDVHQ ]%&SIRGHU&DVZXUGHQHUIRUVFKW 6KPDNRYHWDO
=HWVFKH HW DO  0LW &5,635&DV NDQQ HWZD 51$ JH]LHOW PRGLIL]LHUW ZHUGHQ $EX
GD\\HKHWDO&R[HWDO(EHQVRZLUGDQZHLWHUHQ0|JOLFKNHLWHQGHU]LHOJHULFKWH






&5,635&DV EHVWHKW DXV HLQHU NQVWOLFK KHUJHVWHOOWHQ VJ51$ DOV 6RQGH ]XU %LQGXQJ DQ
HLQHQVSH]LILVFKHQ2UWLQGHU'1$XQG]XPHLVW&DVDOV1XNOHDVHGLHHLQHQHQWVSUHFKHQ
GHQ'RSSHOVWUDQJEUXFKDQGHUHUZQVFKWHQ6WHOOHKHUYRUUXIW'LHVH&DV(QGRQXNOHDVHELQ
GHW DQ HLQH VRJHQDQQWH 3URWRVSDFHU$GMDFHQW0RWLI6HTXHQ] 3$0 GLH VLFK DXV ]ZHL ELV
VHFKV1XNOHRWLGHQ]XVDPPHQVHW]W8PHLQH6WHOOHGHU'1$PLWWHOV&DVVFKQHLGHQ]XN|Q
QHQ LVW HLQH GDUDXI IROJHQGH3$06HTXHQ] HUIRUGHUOLFK GLH DXIJUXQG LKUHU =XVDPPHQVHW
]XQJ HLQEHOLHELJHV1XNOHRWLGXQG]ZHL*XDQLQ%DVHQ MHGRFKKlXILJ LQGHU'1$DXIWULWW
9RUGHU3$06HTXHQ]VWHKWHLQH6HTXHQ]DXV1XNOHRWLGHQ3URWRVSDFHUGLHHLQHHEHQ














'DV'HVLJQXQGGLH+HUVWHOOXQJ YRQ51$VLQGZHVHQWOLFK HLQIDFKHU DOV GLH YRQDXIHLQDQGHU
DEJHVWLPPWHQ3URWHLQ3DDUHQZLHEHL=)1RGHU7$/(1&DVEOHLEWXQDEKlQJLJYRQGHUDQYL
VLHUWHQ 6HTXHQ] JOHLFK$XVVHUGHP ODVVHQ VLFKPLW &5,635&DV YHUVFKLHGHQH 6HTXHQ]HQ
GHU'1$JOHLFK]HLWLJYHUlQGHUQ&5,635&DVZLUGGXUFKZHJVDOVJQVWLJHUHVXQGHLQIDFKH
UHV *HQRPH (GLWLQJ9HUIDKUHQ EHVFKULHEHQ ZHOFKHV GDGXUFK DXFK YRQ NOHLQHUHQ /DERUHQ
HLQJHVHW]WZHUGHQNDQQ%DUUDQJRX	'RXGQD&KDQGUDVHJDUDQ	&DUUROO*XKD
HWDO+.LP	.LP
7DE  JLEW HLQH hEHUVLFKW EHU DXVJHZlKOWH &KDUDNWHULVWLND YRQ *HQRPH (GLWLQJ9HUIDKUHQ
LQNOXVLYHHLQHU(LQVFKlW]XQJGHUUHODWLYHQ6FKZLHULJNHLWGHU+HUVWHOOXQJHQWVSUHFKHQGHU6\V
WHPHXQGHLQH.RVWHQVFKlW]XQJXPHLQVHTXHQ]VSH]LILVFKHV5HDJHQ]KHU]XVWHOOHQ=XVDP
PHQIDVVHQG LVW&5,635&DV LP9HUJOHLFKGLHJQVWLJVWH0|JOLFKNHLW GHV*HQRPH(GLWLQJV
GDVLHHLQIDFKLQ LKUHU+HUVWHOOXQJLVWXQGGLH0|JOLFKNHLW]XP0XOWLSOH[LQJGHUJOHLFK]HLWLJHQ
9HUlQGHUXQJYHUVFKLHGHQHU6HTXHQ]HQELHWHW
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
7DE hEHUVLFKWYRQ*HQRPH(GLWLQJ9HUIDKUHQ










(UNHQQXQJVVHTXHQ] ±ES ±ES ±ES ±ES
.RVWHQLQ86 ± ±  








2EZRKO *HQRPH (GLWLQJ LP *HJHQVDW] ]X JHQWHFKQLVFKHQ 9HUIDKUHQ ]XYRU HLQIDFKHU XQG
VFKQHOOHU XP]XVHW]HQ VRZLH SUl]LVHU LVW ]HLJWHQ VLFK LP /DXIH GHU(QWZLFNOXQJ XQG$QZHQ
GXQJ YRQ =)1 7$/(1 XQG &5,635 GDVV GHUHQ (IIL]LHQ] IU YHUVFKLHGHQH$QZHQGXQJHQ





IKUXQJ HLQHV 'RSSHOVWUDQJEUXFKV HUP|JOLFKW ZLUG 'LHVH %DVH (GLWLQJ6\VWHPH YHUZHQGHQ
HEHQIDOOV HLQH VJ51$ XP DQ GLH JHZQVFKWH6WHOOH GHU'1$ ]X ELQGHQ$OV1XNOHDVHZLUG
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
%DVH(GLWLQJ9HUIDKUHQ IXQNWLRQLHUHQ MHGRFKQLFKWJOHLFKHUPDVVHQJXW LQDOOHQ=HOOW\SHQVRQ
GHUQUXIHQLQEHVWLPPWHQ=HOOHQHKHUXQHUZQVFKWH0XWDWLRQHQKHUYRUDOVLQDQGHUHQ=DIUDHW
DO'XUFKGLHJHQHWLVFKH$QSDVVXQJGHV%DVH(GLWLQJ3URWHLQVXQG1XW]XQJHLQHV5L
ERQXNOHRSURWHLQV 513 NRQQWHQ 2II7DUJHW(IIHNWH DXI HLQ QLFKW PHVVEDUHV 0DVV UHGX]LHUW
ZHUGHQ'LHVH9HUlQGHUXQJHQVROOHQDXFKin vivo*HQRPH(GLWLQJEHVVHUHUP|JOLFKHQ5HHV









%RWHQ51$ PHVVHQJHU51$ P51$ XQG 7UDQVIHU51$ W51$ YRUKDQGHQ XQG GLHQW GHU hEHUWUDJXQJ YRQ (UE
LQIRUPDWLRQXQGGHU3URWHLQV\QWKHVH*UDZ.DSLWHO
&5,635ZXUGHIUGLHVHQ=ZHFNGDKLQJHKHQGDQJHSDVVWDOVGDVVVWDWWGHV]XPHLVWYHUZHQGHWHQ&DVHLQ&DV
3URWHLQ YHUZHQGHW ZLUG 0LW GHUDUWLJHQ &5,635&DV6\VWHPHQ NDQQ GLH )XQNWLRQ YRQ *HQHQ DQ HLQHP DQGHUHQ
$QVDW]SXQNW LP 8PZDQGOXQJVSUR]HVV JHQHWLVFKHU ,QIRUPDWLRQ ]X 3URWHLQHQ PRGLIL]LHUW ZHUGHQ 51$ (GLWLQJ ZLUG
























x GLH '1$ LQ DOOHQ DQYLVLHUWHQ =HOOHQ JOHLFKPlVVLJ JH]LHOW ]X YHUlQGHUQ XQG NHLQH 8QWHU
VFKLHGH GHU '1$ YHUVFKLHGHQHU =HOOHQ LQQHUKDOE HLQHV 2UJDQLVPXV KHUYRU]XUXIHQ 9HU
PHLGXQJYRQ0RVDLNELOGXQJ
-HQDFK2UJDQLVPXV=HOOW\SJHQHWLVFKHP$XIEDX$UWGHUHUZQVFKWHQ9HUlQGHUXQJXQG0H







(OHPHQWH GHU XQWHUVFKLHGOLFKHQ9HUIDKUHQGHQHUZQVFKWHQ2UW LQ GHU'1$HLQHEHVWLPPWH
1XNOHRWLGDEIROJHHUNHQQHQ9RUDXVVHW]XQJGDIU LVWGDVVGLH MHZHLOLJH6HTXHQ]EHNDQQW LVW
















EDU LVW DOVR *HQRPH (GLWLQJ GDV ©]LHOJHULFKWHWª HLQHQ EHVWLPPWHQ =ZHFN HUIOOW EHU GLH
©]LHOJHULFKWHWHª 0RGLILNDWLRQ YRQ IHVWJHOHJWHQ '1$$EVFKQLWWHQ KLQDXV GHUHQ $XVZLUNXQJ
GDQQDEHUPLWXQWHUXQVLFKHULVW
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
*UXQGODJHQIRUVFKXQJPLW*HQRPH(GLWLQJNDQQGDPLWGLH:LVVHQVEDVLVIUGLHZHLWHUH$QZHQ






















x 0LWin vivo ODWHLQLVFKIU©LP/HEHQGLJHQªZHUGHQ9RUJlQJHEHVFKULHEHQGLHLPOHEHQGLJHQ2UJDQLVPXVVHOEVW
VWDWWILQGHQ ,Q %H]XJ DXI *HQRPH (GLWLQJ EHGHXWHW GLHV GDVV*HQRPH (GLWLQJ6\VWHP LQ =HOOHQ LP OHEHQGHQ
2UJDQLVPXVHLQJHEUDFKWZHUGHQ 
*HQRPH(GLWLQJ in vitro LVW JHQHUHOOPLW ZHQLJHU 5LVLNHQ YHUEXQGHQ GD YHUlQGHUWH =HOOHQ NHLQH )XQNWLRQ LQQHUKDOE
HLQHVOHEHQGLJHQ2UJDQLVPXVKDEHQ'LH5HVXOWDWHYRQ*HQRPH(GLWLQJN|QQHQGDEHLXQWHUNRQWUROOLHUWHQ%HGLQJXQ
JHQ XQWHUVXFKW XQG QDFKYROO]RJHQ ZHUGHQ 'LH GLUHNWH in vivo $QZHQGXQJ LVW GHPJHJHQEHU PLW YHUVFKLHGHQHQ





XQG ]HUVW|UW ZHUGHQ GLH (Q]\PH GHU *HQRPH (GLWLQJ6\VWHPH N|QQHQ VLFK DEEDXHQ RGHU
GHVWDELOLVLHUWZHUGHQ%HLGHUin vivo$QZHQGXQJYRQ*HQRPH(GLWLQJ6\VWHPHQLVWDXVVHUGHP
HLQH +HUDXVIRUGHUXQJ GHU (LQEULQJXQJ QXU GLH =HOOHQ GHV 2UJDQLVPXV PLW *HQRPH (GL
WLQJ6\VWHPHQ]XYHUlQGHUQGLHDXFKEHKDQGHOWZHUGHQVROOHQ]%%OXW]HOOHQRGHU/HEHU]HO
OHQ*OHLFK]HLWLJVROOHQDEHUDOOHDQYLVLHUWHQ=HOOHQJOHLFKHUPDVVHQEHKDQGHOWZHUGHQGDGLH
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
VRQVWDXIWUHWHQGH0RVDLNELOGXQJQHJDWLYH(IIHNWHKDEHQNDQQVLHKH$EVFKQLWW'HU9HN








DQGHUHU 9HUIDKUHQ LQ GHQ =HOONHUQ HLQJHEUDFKW ZHUGHQ ZR HV GDV MHZHLOLJH 6\VWHP H[
SULPLHUWZLUGGDVKHLVVWDXVGHUJHVSHLFKHUWHQ'1$,QIRUPDWLRQZLUGGDVHQWVSUHFKHQGH
(Q]\P]%&DVV\QWKHWLVLHUWZHOFKHVGDQQGLHHQWVSUHFKHQGHQ*HQHYHUlQGHUW'LHV




9HNWRU HLQJHEUDFKWZHUGHQ GLH*HQRPH(GLWLHUXQJ VHW]W GDEHL VFKQHOOHU HLQZHLO LQ GHU
=HOOHQLFKWHUVWGLH6\QWKHVHGHV6\VWHPVHUIROJHQPXVV$XVVHUGHPZHUGHQZHQLJHU2II
7DUJHW(IIHNWH SURGX]LHUW 'LH GLUHNWH +HUVWHOOXQJ YRQ SXUHP &DV3URWHLQ LVW MHGRFK
DXIZHQGLJHUXQGNRVWHQLQWHQVLYHUDOVGLH1XW]XQJHLQHV3ODVPLGV
x (LQHGULWWH0|JOLFKNHLWLVWGLH1XW]XQJYRQ&DVP51$JHPHLQVDPPLWVJ51$GLHLQGLH







GHU =LHO]HOOH HLQVFKUHLEHQ ZHUGHQ DOV LGHDOH 9HNWRUHQ IU *HQRPH (GLWLQJ6\VWHPH LQ
XQWHUVFKLHGOLFKHQ=HOOHQEHVFKULHEHQXQGHLQJHVHW]W6LHYHUIJHQEHUGLHQRWZHQGLJHQ
.DSD]LWlWHQ XP JU|VVHUH *HQRPH (GLWLQJ6\VWHPH ZLH &5,635&DV DXIQHKPHQ ]X
N|QQHQ XQG ZXUGHQ IU YHUVFKLHGHQH $UWHQ YRQ =HOOHQ HUIROJUHLFK HLQJHVHW]W ,KUH
=\WRWR[L]LWlW XQG ,PPXQRJHQLWlW VLQG GDUEHU KLQDXV UHODWLY JHULQJ *RUL HW DO 
/D)RXQWDLQH)DWKH	6P\WK2UWLQVNL2¶'RQRYDQ'RQJ	.DQWRU
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
WHLOHQGH XQG VLFK QLFKW WHLOHQGH =HOOHQ WUDQVGX]LHUHQ (LQ 1DFKWHLO LVW LKUH JHULQJH
/DGHNDSD]LWlW GLH EHUHLWV PLW GHP &5,635&DV6\VWHP RKQH HLQ '1$7HPSODWH DOV
9RUODJHIU+'5EHLQDKHHUVFK|SIWLVW'LHVEH]JOLFKZLUGPLWGHP$XIWHLOHQGHU*HQRPH
(GLWLQJ6\VWHPHDXIPHKUHUH$$9H[SHULPHQWLHUWGLHVH(OHPHQWHZHUGHQGDQQLQGHU=HOOH
ZLHGHU ]XVDPPHQJHVHW]W$XVVHUGHPZLUG DQ&DV9DULDQWHQJHIRUVFKW GLH NOHLQHU VLQG
DOVGLHELVKHUYHUZHQGHWHQ&DV3URWHLQH*RULHWDO
'HU (LQVDW] YLUDOHU 9HNWRUHQ DOV HIIL]LHQWHUH 7UDQVIHNWLRQVV\VWHPH IU *HQRPH (GLWLQJ9HU
IDKUHQ EHL 3IODQ]HQZLUG HEHQIDOOV GLVNXWLHUW 9LUDOH 9HNWRUHQ GLH GDEHL YRQ%HGHXWXQJ VHLQ
N|QQWHQVLQG$UWHQGHU*HPLQLYLUHQPLWGHU)lKLJNHLWYLHOHYHUVFKLHGHQH3IODQ]HQDUWHQLQIL]LH
UHQ]XN|QQHQ=DLGL	0DQVRRU*lQJLJHUH$UWHQGHU7UDQVIHNWLRQEHL3IODQ]HQVFKHL
QHQ DEHU PLWWHOV Agrobacterium tumefaciens XQG SDUWLFOH ERPEDUGPHQW ]X VHLQ GLH LQ GHQ
NRPPHQGHQ$EVFKQLWWHQEHKDQGHOWZHUGHQ
1LFKWYLUDOH9HNWRUHQ
:lKUHQG YLUDOHQ 9HNWRUHQ KRKH (IIL]LHQ] LQ %H]XJ DXI GLH (LQEULQJXQJ YRQ *HQRPH (GL
WLQJ6\VWHPHQ]XJHVSURFKHQZLUGZHUGHQLKUHJHULQJHUH.DSD]LWlW,PPXQRJHQLWlWXQG7R[L]L
WlWDOV/LPLWDWLRQHQDQJHVHKHQ$XVVHUGHPZLUGDXIQHJDWLYH(IIHNWHLQNOLQLVFKHQ6WXGLHQPLW
YLUDOHQ 9HNWRUHQ YHUZLHVHQ 'HPJHJHQEHU ZLUG QLFKW YLUDOHQ 9HNWRUHQ GDV 3RWHQ]LDO ]XJH












EHL3IODQ]HQ HLQJHVHW]W'DEHLZHUGHQ GLH*HQH GLH EHL GHU 3IODQ]HQ]XFKW XQHUZQVFKW VLQG
]%GLHMHQLJHQGLHIUGDVWXPRUDUWLJH:DFKVWXPYHUDQWZRUWOLFKVLQGGXUFKGLHHUVHW]WGLHGLH
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*UXQGODJHQGHV*HQRPH(GLWLQJV 
x %HLGHU0LNURLQMHNWLRQ ZLUGHLQH*ODV0LNURSLSHWWHJHQXW]WXPGDV*HQRPH(GLWLQJ6\VWHP
LQ HLQH =HOOH HLQ]XEULQJHQ 8QWHU GHP0LNURVNRS ZLUG GLH =LHO=HOOH PLWWHOV +DOWHSLSHWWH
IL[LHUW GDQQPLW GHU*ODV0LNURSLSHWWHSHQHWULHUW XQGGDV*HQRPH(GLWLQJ6\VWHPHLQJH
EUDFKW
x %HLGHU0HWKRGHGHU(OHNWURSRUDWLRQZHUGHQ=HOOPHPEUDQHGXUFKHOHNWULVFKH,PSXOVHYRU
EHUJHKHQG GXUFKOlVVLJ JHPDFKW VRGDVV GLH *HQRPH (GLWLQJ6\VWHPH KLQHLQJHEUDFKW
ZHUGHQ N|QQHQ:HLWHUHQWZLFNOXQJHQ GLHVHU EHUHLWV OlQJHU HUSUREWHQ0HWKRGH HUEULQJHQ
EHL EHVWLPPWHQ $QZHQGXQJVJHELHWHQ ± HWZD *HQRPH (GLWLQJ YRQ EHIUXFKWHWHQ 0DXV
(L]HOOHQ ± KRKH (IIL]LHQ] GHQQRFK VLQG PDQFKH =HOOHQ HPSILQGOLFK JHJHQEHU GHQ
HOHNWULVFKHQ,PSXOVHQ
x 'LHK\GURG\QDPLVFKH(LQEULQJXQJ LVWHLQHSK\VLNDOLVFKH0HWKRGHGLH in vivoDQJHZHQGHW
ZHUGHQ NDQQ 'DEHL ZHUGHQ VFKQHOO KRKH 9ROXPLQD YRQ /|VXQJHQ GLH *HQRPH
(GLWLQJ6\VWHPH HQWKDOWHQ LQ GHQ %OXWNUHLVODXI LQML]LHUW 'XUFK GHQ GDEHL DXIJHEDXWHQ














WDWLRQHQ DXIWUHWHQ GLH GDQQ$XVZLUNXQJHQ DXI GLH =HOOHQ XQG GHQ2UJDQLVPXV KDEHQ 0DQ
VSULFKW YRQ 2II7DUJHW(IIHNWHQ GLH MH QDFK $QZHQGXQJVIDOO XQWHUVFKLHGOLFK JUDYLHUHQG VHLQ
N|QQHQ;+=KDQJ7HH:DQJ+XDQJ	<DQJD
2II7DUJHW(IIHNWHVWHOOHQDXVPHKUHUHQ*UQGHQHLQH+HUDXVIRUGHUXQJIUGLH$QZHQGXQJYRQ
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ






DXFK DQ XQHUZDUWHWHQ 6WHOOHQ DXIJHVSUW ZHUGHQ $XVVHUGHP N|QQHQ DXFK JU|VVHUH
VWUXNWXUHOOH9HUlQGHUXQJHQGLHVLFKGXUFKJURVVH/|VFKXQJHQRGHU,QYHUVLRQHQYRQ'1$
6HTXHQ]HQ HUJHEHQ LGHQWLIL]LHUW ZHUGHQ 'LHVH *HQRP6HTXHQ]LHUXQJ LVW MHGRFK DXI
ZHQGLJ XQG NRVWHQLQWHQVLY ZHVKDOE VLH QXU VHOWHQ HLQJHVHW]W ZHUGHQ NDQQ =LVFKHZVNL
)LVFKHU	%RUWHVL
x (V JLEW 2QOLQH'DWHQEDQNHQ ZHOFKH GLH ZDKUVFKHLQOLFKVWHQ 2UWH IU 2II7DUJHW(IIHNWH
LQQHUKDOEGHU'1$DQ]HLJHQ©&5,6355*(17RROVªR-'LH*UXQGDQQDKPHGDEHLLVW
GDVV2II7DUJHW(IIHNWH EHL'1$6HTXHQ]HQ DXIWUHWHQ GLH GHQ HLJHQWOLFK DQYLVLHUWHQ6H
TXHQ]HQlKQOLFKVLQG/HW]WHQGOLFKLVWMHGRFKXQJHZLVVRE2II7DUJHW(IIHNWHQLFKWDXFKDQ
DQGHUHQ 6WHOOHQ GHV *HQRPV DXIWUHWHQ %DVLHUHQG DXI GHUDUWLJHQ SURJQRVWL]LHUWHQ 2II
7DUJHW2UWHQN|QQHQGDQQGLHHQWVSUHFKHQGHQ'1$6HTXHQ]HQDPSOLIL]LHUW XQGVHTXHQ
]LHUWZHUGHQ'LHVLVWNRVWHQJQVWLJHUXQGHLQIDFKHUP|JOLFKDOVGDVJHVDPWH*HQRP]X
VHTXHQ]LHUHQ XQG ]X EHUSUIHQ HV N|QQHQ DEHU 2II7DUJHW(IIHNWH EHUVHKHQ ZHUGHQ
;+=KDQJHWDOD=LVFKHZVNLHWDO
x :HLWHUH0HWKRGHQZLH*8,'(VHT 7VDLHWDORGHU%/(66&URVHWWRHWDO
QXW]HQ EHVWLPPWH0ROHNOH XP DOOH LQ GHU '1$ GXUFKJHIKUWHQ 'RSSHOVWUDQJEUFKH ]X











IHNW HUEULQJHQ VLQG EHL DQGHUHQ =ZHFNHQ VHKU JHQDXH 9HUlQGHUXQJHQ GHU %DVHQDEIROJHQ
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*UXQGODJHQGHV*HQRPH(GLWLQJV 










x 'DV ]HLWOLFK DP =HOO]\NOXV RULHQWLHUWH (LQEULQJHQ GHV &5,635&DV6\VWHPV HUEUDFKWH





HGLWLHUW XQG LP=XJH GHVVHQ GLH:DKUVFKHLQOLFKNHLW YRQ XQHUZQVFKWHQ ,QVHUWLRQHQRGHU
'HOHWLRQHQHUK|KWZLUGZXUGHQDXFKDQGHUH6WUDWHJLHQHQWZLFNHOWGLHVH2Q7DUJHW(IIHNWH















%HL HLQHU0RVDLNELOGXQJ WULWW HLQH GXUFK*HQRPH(GLWLQJ KHUYRUJHUXIHQH JH]LHOWH JHQHWLVFKH
9HUlQGHUXQJQXU LQHLQHP7HLOGHUEHKDQGHOWHQ=HOOHQEH]LHKXQJVZHLVHGHVEHKDQGHOWHQ2U
JDQLVPXV DXI RGHU HV N|QQHQ XQWHUVFKLHGOLFKH 9HUlQGHUXQJHQ LQ XQWHUVFKLHGOLFKHQ =HOOHQ
GXUFK*HQRPH(GLWLQJKHUYRUJHUXIHQZHUGHQ&KULVWRI)HOOPDQQHWDO6'LH'1$
XQGGDPLWXQWHU8PVWlQGHQGLH)XQNWLRQVZHLVHYHUVFKLHGHQHU=HOOHQXQWHUVFKHLGHQVLFKGDQQ




x QLFKW LQ DOOH DQYLVLHUWHQ =HOOHQ HLQHV 2UJDQLVPXV JOHLFKHUPDVVHQ GDV HQWVSUHFKHQGH
*HQRPH(GLWLQJ6\VWHPHLQJHEUDFKWZHUGHQNDQQ
x HVLQEHKDQGHOWHQ=HOOHQ]XXQWHUVFKLHGOLFKHQ2II7DUJHW0XWDWLRQHQGHU'1$NRPPWRGHU




LVW JLEW HV +LQZHLVH GDUDXI GDVV 2UJDQLVPHQ LPPHU ]X HLQHP JHZLVVHQ *UDG EHU 0RVDLNELOGXQJHQ YHUIJHQ
9DULDWLRQHQ LQJHZLVVHQ$EVFKQLWWHQRGHU*HQHQKDEHQGDEHLNHLQHVLFKWEDUHQ$XVZLUNXQJHQ*HQYDULDQWHQGLHQXU
DOV0RVDLNH LQHLQHP ,QGLYLGXXPYRUOLHJHQ N|QQHQDEHUDXFKSDWKRJHQH$XVZLUNXQJHQKDEHQXQG9DULDWLRQHQGHV
3KlQRW\SVRGHU.UDQNKHLWHQKHUYRUUXIHQ,0&DPSEHOOHWDO
'LH3UR]HVVHGLHLP9HUODXIGHV*HQRPH(GLWLQJV]XU0RVDLNELOGXQJIKUHQVLQGQRFKQLFKW
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 ;HQRWUDQVSODQWDWLRQXQG
*HQRPH(GLWLQJ




x $EVWRVVXQJVUHDNWLRQHQ GDV 5LVLNR GHU hEHUWUDJXQJ YRQ .UDQNKHLWHQ XQG PDQJHOQGH SK\VLRORJLVFKH VRZLH
DQDWRPLVFKH 3DVVXQJ VLQG PHGL]LQLVFKH +UGHQ IU GLH ;HQRWUDQVSODQWDWLRQ $XVVHUGHP JLEW HV VR]LDOH XQG
HWKLVFKH%HGHQNHQGDJHJHQ
x *HQRPH(GLWLQJNDQQ6FKZHLQHXQGGHUHQ2UJDQHJHQHWLVFKDQGHQPHQVFKOLFKHQ2UJDQLVPXVDQSDVVHQ'DPLW
N|QQWHQ $EVWRVVXQJVUHDNWLRQHQ DEJHZHQGHW XQG GDV )XQNWLRQLHUHQ GHU 2UJDQH LP 0HQVFKHQ VLFKHUJHVWHOOW
ZHUGHQ$XFKSRWHQ]LHOOJHIlKUOLFKH5HWURYLUHQN|QQHQPLW*HQRPH(GLWLQJDXVGHQ6FKZHLQHQHQWIHUQWZHUGHQ
x 'LH hEHUZLQGXQJ HLQLJHU +UGHQ GXUFK *HQRPH (GLWLQJ KDW LQ 7LHUYHUVXFKHQ ZHLWHUH PHGL]LQLVFKH +HUDXV
IRUGHUXQJHQVLFKWEDUJHPDFKW
x 1HEHQ ;HQRWUDQVSODQWDWLRQ JLEW HV WHFKQLVFKH$OWHUQDWLYHQ XQG VR]LDOH /|VXQJVDQVlW]H IU GDV 3UREOHP GHV
2UJDQPDQJHOV
x (LQH 5HLKH YRQ HWKLVFKHQ XQG VR]LDOHQ $VSHNWHQ GHU ;HQRWUDQVSODQWDWLRQ EOHLEHQ YRP (LQVDW] GHV *HQRPH
(GLWLQJVXQEHUKUW
'LH 7UDQVSODQWDWLRQ YRQ 2UJDQHQ VWHOOW PDQFKPDO GLH HLQ]LJH 7KHUDSLH EHL (UNUDQNXQJHQ
6FKlGLJXQJHQRGHUGHP$XVIDOOYRQ2UJDQHQGDU,QGHU6FKZHL]LVWGLH2UJDQWUDQVSODQWDWLRQ




VSHQGH HLQJHWUDJHQ %XQGHVDPW IU *HVXQGKHLW %$* E 'LH .QDSSKHLW DQ 6SHQGHU



















$LGV ]X EHKDQGHOQ &RRSHU  'HVFKDPSV 5RX[ 6Dw 	 *RXLQ  1HXH ZLVVHQ







,Q GHQ IROJHQGHQ$EVFKQLWWHQ ZHUGHQ*UXQGODJHQ GHU ;HQRWUDQVSODQWDWLRQ LKUH$QZHQGXQJ
XQGGDPLWYHUNQSIWH0|JOLFKNHLWHQDEHUDXFKPHGL]LQLVFKH+HUDXVIRUGHUXQJHQXQG5LVLNHQ









=HLW ELV ]XU 9HUIJEDUNHLW HLQHV SDVVHQGHQ PHQVFKOLFKHQ 6SHQGHURUJDQV EHUEUFNHQ =HLW








VWDQ]HQ ]% ,QVXOLQ SURGX]LHUHQRGHUGHUHQ N|USHUHLJHQH3URGXNWLRQGXUFK5HSDUDWXUGHV
JHVFKlGLJWHQ2UJDQVZLHGHUHUP|JOLFKHQ ,QVEHVRQGHUH LQ+LQEOLFNDXI7\S'LDEHWHVNRQQ
WHQHUVWH(UIROJHHU]LHOWZHUGHQ1DFKGHU$OORWUDQVSODQWDWLRQYRQQRUPDO IXQNWLRQVIlKLJHQ,Q
VHO]HOOHQ EHL DXVJHZlKOWHQ 3DWLHQWLQQHQ XQG 3DWLHQWHQ PLW 7\S'LDEHWHV NRQQWH LQ ELV ]X
GHU)lOOHHLQHXQPLWWHOEDUH8QDEKlQJLJNHLWYRQH[WHUQHU,QVXOLQ]XIXKUHUP|JOLFKWZHUGHQ
GLHLQUXQGGHU)lOOHDXFKQDFKIQI-DKUHQQRFKEHVWDQG6HOEVWEHUOlQJHUH=HLWKRUL




© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
;HQRWUDQVSODQWDWLRQXQG*HQRPH(GLWLQJ 
PHKUHUH 6SHQGHURUJDQH QRWZHQGLJ GHVKDOE ZLUG DXFK LQ GLHVHP 7UDQVSODQWDWLRQV$QZHQ





VFKOlJLJH )DFKOLWHUDWXU HLQH 5HLKH ZHLWHUHU 9RUWHLOH GHU ;HQRWUDQVSODQWDWLRQ JHJHQEHU GHU
$OORWUDQVSODQWDWLRQ
x 9LHOH$OORWUDQVSODQWDWLRQHQPVVHQUDVFKQDFKGHP7RGGHU6SHQGHULQRGHUGHV6SHQGHUV
HUIROJHQ ZDV HLQH XPIDQJUHLFKH 9RUEHUHLWXQJ GHV (LQJULIIV HUVFKZHUW 'HPJHJHQEHU
N|QQWH;HQRWUDQVSODQWDWLRQGXUFKGLHYRUDXVVHKEDUH9HUIJEDUNHLWGHVWLHULVFKHQ6SHQGHU
RUJDQVEHVVHUYRUEHUHLWHWZHUGHQ
x 'LH JHVWHLJHUWH 9HUIJEDUNHLW YRQ 2UJDQHQ ZUGH DXFK GHQ .UHLV SRWHQ]LHOOHU 2UJDQ
HPSIlQJHULQQHQXQG HPSIlQJHU YHUJU|VVHUQZRPLW0HQVFKHQJHKROIHQZHUGHQN|QQWH
GLH GHU]HLW QLFKW IU HLQH $OORWUDQVSODQWDWLRQ LQIUDJH NRPPHQ *OHLFK]HLWLJ N|QQWH GHP





x %HL ;HQRWUDQVSODQWDWLRQ LVW DQGHUV DOV EHL $OORWUDQVSODQWDWLRQ GLH JH]LHOWH JHQHWLVFKH
0RGLILNDWLRQGHU©2UJDQTXHOOHQª7LHUHP|JOLFKXQGHWKLVFKYHUWUHWEDUHU'HVKDOEEHVWHKW
GLH+RIIQXQJGDVVGXUFKJH]LHOWHJHQHWLVFKH$QSDVVXQJGHU7LHUH$EVWRVVXQJVUHDNWLRQHQ





'LH HUIROJUHLFKH7UDQVSODQWDWLRQ ]ZLVFKHQ0HQVFKHQ LVW QXU EHL HQWVSUHFKHQGHU ELRORJLVFKHU
3DVVXQJGHUVSHQGHQGHQXQGHPSIDQJHQGHQ3HUVRQP|JOLFK'HU;HQRWUDQVSODQWDWLRQVWHOOW
VLFK GLHVHV3UREOHP YHUVWlUNW DXIJUXQG GHU HYROXWLRQlUHQ(QWZLFNOXQJZHLVHQ YHUVFKLHGHQH
6lXJHWLHUDUWHQGHXWOLFKH8QWHUVFKLHGH LQ LKUHP(UVFKHLQXQJVELOG LKUHU$QDWRPLHXQG3K\VLR
ORJLH DXI -H QDFK HYROXWLRQlUHU1lKH ]XHLQDQGHU IDOOHQ GLHVH JU|VVHU RGHU NOHLQHU DXV XQG
IKUHQ ]X OHLFKWHUHQ ELV VFKZHUZLHJHQGHQ .RPSOLNDWLRQHQ 'DV 6FKZHLQ ZXUGH VFKRQ YRU
PHKUDOV -DKUHQDOVSDVVHQGH2UJDQTXHOOH IU GLH;HQRWUDQVSODQWDWLRQ LQGHQ0HQVFKHQ
LGHQWLIL]LHUW 6DFKV  =ZDU ZHLVHQ 0HQVFKHQDIIHQ XQWHU 7LHUHQ GLH JU|VVWH 1lKH ]XP
0HQVFKHQDXI MHGRFK LVWGLH9HUZHQGXQJGHUGHQ0HQVFKHQlKQOLFKVWHQ$IIHQHWZD6FKLP
SDQVHQJHUDGHZHJHQGLHVHU1lKHHWKLVFKEHGHQNOLFKXQGJHVHOOVFKDIWOLFKZHQLJDN]HSWLHUW




























$XIJUXQG SK\VLRORJLVFKHU 8QWHUVFKLHGH VLQG GLHVH )RUVFKXQJVUHVXOWDWH DEHU QXU HLQJHVFKUlQNW DXI GHQ 0HQVFKHQ
EHUWUDJEDU3HUOPDQ'LHKlXILJH1XW]XQJYRQ,Q]XFKWOLQLHQELUJWZHLWHUH3UREOHPHIUGLH*HQHUDOLVLHUEDUNHLW
YRQ)RUVFKXQJVUHVXOWDWHQZHLOGLH&KDUDNWHULVLHUXQJYRQ*HQHQYRUHLQHPZHQLJGLYHUVHQJHQHWLVFKHQ+LQWHUJUXQG
VWDWWILQGHW GHU QLFKW GHU JHQHWLVFKHQ 'LYHUVLWlW EHLP0HQVFKHQ HQWVSULFKW 6LWWLJ HW DO  0LW *HQRPH (GLWLQJ
N|QQHQ JDQ] XQWHUVFKLHGOLFKH =XFKWOLQLHQ$XVJDQJVSXQNW IU ]LHOJHULFKWHWH JHQHWLVFKH 0RGLILNDWLRQHQ ZHUGHQ ZDV





ZLUG JHDUEHLWHW ZHLO GLHVH GHP 0HQVFKHQ lKQOLFKHU VLQG DOV 0lXVH XQG 6FKZHLQH 0LWWOHUZHLOH ZXUGHQ IU
)RUVFKXQJV]ZHFNHPLW*HQRPH(GLWLQJ9HUIDKUHQLQXQWHUVFKLHGOLFKHQ$IIHQDUWHQ*HQHDXVJHVFKDOWHW6DWR	6DVDNL
  ZXUGHQ QLFKW PHQVFKOLFKH 3ULPDWHQ HUVWPDOV PLWWHOV VRPDWLVFKHU =HOONHUQWUDQVIHUV JHNORQW XQG PLW














%HLGHU7UDQVSODQWDWLRQ YRQ IUHPGHQ=HOOHQ*HZHEHQXQG2UJDQHQHUNHQQW GHU.|USHUGDV
7UDQVSODQW DOV )UHPGN|USHU XQG VHW]W HLQH ,PPXQUHDNWLRQ LQ*DQJ'LH:LUNPHFKDQLVPHQ
GHU5HDNWLRQGHV.|USHUVDXIGDV7UDQVSODQWVLQGGDEHLXQWHUVFKLHGOLFKXQGDNWLYLHUHQMHQDFK
$UWGHU7UDQVSODQWDWLRQGLHVSH]LILVFKHXQGRGHUXQVSH]LILVFKH,PPXQDEZHKUVLHKH,QIRER[
'LH$EVWRVVXQJVUHDNWLRQHQ DXI ;HQRJUDIWV XQWHUVFKHLGHQ VLFK YRQ GHQHQ DXI$OORJUDIWV XQG
VWHOOHQHLQHEHVRQGHUH+HUDXVIRUGHUXQJGDU
,QIRER['DV,PPXQV\VWHPXQGGHVVHQ5ROOHEHLGHU;HQR7UDQVSODQWDWLRQYRQ2UJDQHQ 




x 'DV DQJHERUHQH ,PPXQV\VWHP NDQQ ]XU$EZHKU YRQ )UHPGN|USHUQ ]HOOXOlUH$EZHKUPHFKDQLVPHQ HLQVHW]HQ




HUUHJHU DQSDVVW XQG EHL HLQHU :LHGHULQIHNWLRQ VFKQHOOHU XQG VWlUNHU UHDJLHUHQ NDQQ (V LVW NRPSOH[HU XQG
HIIL]LHQWHU XQG ELOGHW HLQH KRKH $Q]DKO YHUVFKLHGHQHU $QWLN|USHU ,PPXQJOREXOLQH VRZLH % XQG 7=HOOHQ DOV
$QWZRUWDXIHLQGULQJHQGH$QWLJHQHKHUDXV.UXVH
:lKUHQG EHL GHU $OORWUDQVSODQWDWLRQ GLH 5HDNWLRQ GHV ,PPXQV\VWHPV GXUFK 0HGLNDPHQWH ,PPXQVXSSUHVVLYD
PLWWOHUZHLOHXQWHUGUFNWZHUGHQNDQQWUHWHQEHL;HQRWUDQVSODQWDWLRQDQGHUVDUWLJHXQGVWlUNHUH5HDNWLRQHQDXI'HQQ
GHU 0HQVFK YHUIJW EHU $QWLN|USHU JHJHQ 6WRIIH GLH LP .|USHU YRQ 6FKZHLQHQ XQG GHUHQ 2UJDQHQ YRUNRPPHQ
VRJHQDQQWH$QWLJHQHEHLP0HQVFKHQDEHUQLFKWYRUKDQGHQVLQG

(V JLEW YLHU 3KDVHQ GHU$EVWRVVXQJ HLQHV ;HQRJUDIWV  GLH K\SHUDNXWH YDVNXOlUH  GLH
DNXWHYDVNXOlUHGLHDNXWH7=HOOYHUPLWWHOWHVRZLHGLHFKURQLVFKH$EVWRVVXQJ)UHLQH
HUIROJUHLFKH;HQRWUDQVSODQWDWLRQVLQGDOOHGLHVH3KDVHQ]XEHUFNVLFKWLJHQZlKUHQGEHLGHU
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
'LH K\SHUDNXWH YDVNXOlUH$EVWRVVXQJ GHV ;HQRJUDIWV WULWW EHL GLVNRUGDQWHU ;HQRWUDQVSODQWD
WLRQDXI6LHZLUGGXUFKHLQHDQJHERUHQH,PPXQDQWZRUWYRQ LP%OXWGHV0HQVFKHQYRUKDQ
GHQHQ$QWLN|USHUQ DXI 6WRIIH KHUYRUJHUXIHQ GLH LQ GHQ2UJDQHQ GHU 6FKZHLQH YRUNRPPHQ
,QVEHVRQGHUH GDV .RKOHK\GUDWPROHNO *DOĮ*DO(SLWRS VWHKW LP )RNXV GHU )RUVFKXQJ
'LHVHVLVWDQGHU2EHUIOlFKHYRQ(QGRWKHO]HOOHQYLHOHU6lXJHWLHUDUWHQ]XILQGHQQLFKWMHGRFK
EHLP0HQVFKHQGHUKRKH$QWLN|USHU]DKOHQGDJHJHQDXIZHLVW'DV,PPXQV\VWHPDNWLYLHUWEHL




GHU =LUNXODWLRQ GHV %OXWHV XQG GDV 2UJDQ ZLUG UDVFK GXUFK PDQJHOQGH %OXW]XIXKU ]HUVW|UW
%HFNPDQQHWDO6±6FKXXUPDQ&KHQJ	/DP1HEHQ*DOĮ*DO
(SLWRS ZXUGHQ PLWWOHUZHLOH ZHLWHUH GHUDUWLJH $QWLJHQH LGHQWLIL]LHUW %\UQH 'X 6WDOERHUJHU
.RJHOEHUJ	0F*UHJRU/XW]HWDO
'LHDNXWHYDVNXOlUH$EVWRVVXQJWULWWEHLNRQNRUGDQWHU;HQRWUDQVSODQWDWLRQXQGQDFKHUIROJUHL
FKHU hEHUZLQGXQJ GHU DNXWHQ YDVNXOlUHQ$EVWRVVXQJ EHL GLVNRUGDQWHQ ;HQRJUDIWV DXI 6LH
PDQLIHVWLHUWVLFKHLQLJH6WXQGHQRGHU7DJHQDFKGHU7UDQVSODQWDWLRQ%HLGLHVHU$EVWRVVXQJV
UHDNWLRQ VSLHOHQ VRZRKO GDV VSH]LILVFKH ,PPXQV\VWHP DOV DXFK GDV DGDSWLYH ,PPXQV\VWHP
XQG GLH GDGXUFK SURGX]LHUWHQ$QWLN|USHU ,PPXQJOREXOLQH HLQH 5ROOH$Q GHU (QGRWKHOREHU
IOlFKH EHILQGOLFKH$QWLJHQH EHZLUNHQ HLQH 6\QWKHVH YRQ HQW]QGXQJVI|UGHUQGHQ 0ROHNOHQ
$XVVHUGHPZHUGHQ0ROHNOHJHELOGHWGLHHLQH9HUELQGXQJ]ZLVFKHQ/HXNR]\WHQ7KURPER]\
WHQXQGGHP(QGRWKHOGHVWUDQVSODQWLHUWHQ2UJDQVEHJQVWLJHQ'XUFK6\QWKHVHYRQ5HJXOD
















 ;HQRWUDQVSODQWDWLRQ ]ZLVFKHQ HYROXWLRQlU ZHLWHU HQWIHUQWHQ 6SH]LHV ]XP%HLVSLHO 6FKZHLQ XQG0HQVFK %HL GHU








SODQWDWLRQ ZLH DXFK EHL ;HQRWUDQVSODQWDWLRQ QLFKW YROOVWlQGLJ JHNOlUW VLQG /LEE\ 	 3REHU
5HDNWLRQHQGHV,PPXQV\VWHPVXQGDQGHUH(LQIOXVVIDNWRUHQ7R[L]LWlWYRQ,PPXQVXSS
UHVVLYD%OXWKRFKGUXFN,QIHNWLRQHQSK\VLRORJLVFKH3DVVXQJHWFZHUGHQDOVPLWYHUDQWZRUWOLFK
IU VLH DQJHVHKHQ %HL GHU$OORWUDQVSODQWDWLRQ NDQQ GLH FKURQLVFKH$EVWRVVXQJ VHOEVW GXUFK
*DEH YRQ ,PPXQVXSSUHVVLYD QLFKW LPPHU YHUKLQGHUW ZHUGHQ XQG PDFKW JHJHEHQHQIDOOV HLQ




UHDNWLRQHQ LQ 9HUELQGXQJ VWHKHQ LQVEHVRQGHUH DEHU DXV PDQJHOQGHU 3DVVXQJ GHU *HULQ
QXQJVV\VWHPH YHUVFKLHGHQHU GLVNRUGDQWHU 6SH]LHV DXI PROHNXODUHU (EHQH HQWVWHKHQ 'LH
*HULQQXQJVVW|UXQJHQIKUHQ]XU%LOGXQJYRQ*HIlVVYHUVFKOVVHQZHOFKHGLHQRUPDOH'XUFK











ZLUNVDPH %DUULHUHQ JHJHQ (UUHJHU EHL GHU ;HQRWUDQVSODQWDWLRQ XPJDQJHQ ZHUGHQ XQG GDV
,PPXQV\VWHPGHU RUJDQHPSIDQJHQGHQ3HUVRQJHVFKZlFKW LVW HUVFKHLQW GDV5LVLNR IU HLQH
hEHUWUDJXQJHUK|KW0DJUH7DNHXFKL	%DUWRVFK%DNWHULHQ3LO]HXQG3DUDVLWHQGLHLQ
GHQ;HQRJUDIWV YRQ6FKZHLQHQYRUNRPPHQ N|QQHQGXUFK+\JLHQHPDVVQDKPHQ ,PSIXQJHQ
XQG6FUHHQLQJVYRUJHEHXJWRGHUEHL,QIHNWLRQHQGXUFK0HGLNDPHQWHQJDEHEHKDQGHOWZHUGHQ
$QGHUVYHUKlOWHVVLFKEHL9LUHQIUGLHHVNHLQHDQWLYLUDOHQ0LWWHORGHU,PSIXQJHQJLEW2EXQG




ORYLUXV VWHKHQ LP 9HUGDFKW LQGLUHNWH QHJDWLYH $XVZLUNXQJHQ DXI GDV 7UDQVSODQW ]X KDEHQ
'HQQHUF

 'LH hEHUWUDJXQJ NDQQ DXFK GXUFK GHQ 9HU]HKU YRQ URKHP 6FKZHLQHIOHLVFK XQG GDQQ DXFK ]ZLVFKHQ0HQVFKHQ
HWZDGXUFK%OXWWUDQVIXVLRQVWDWWILQGHQZREHLGLH,QIHNWLRQQRUPDOHUZHLVHDV\PSWRWLVFKYHUOlXIW
%HL,PPXQVXSSUHVVLRQNDQQHV]XFKURQLVFKHQ(QW]QGXQJHQNRPPHQ




(LQQDKPH YRQ ,PPXQVXSSUHVVLYD NDQQ DXVVHUGHP GLH hEHUWUDJXQJ YRQ (UUHJHUQ XQG GHQ $XVEUXFK YRQ (UNUDQ








KHQ 9DULDQWHQ YRQ 3(59V NRPPHQ EHL DOOHQ 6FKZHLQHDUWHQ YRU 7DFNH .XUWK 	 'HQQHU
VLHVLQGLQGHU.HLPEDKQGHU7LHUHHLQJHVFKULHEHQXQGZHUGHQYRQGHQ(OWHUQWLHUHQDQ
LKUH 1DFKNRPPHQ ZHLWHUJHJHEHQ =ZDU ]HLJHQ VLFK NHLQH QHJDWLYHQ$XVZLUNXQJHQ EHL GHQ
7LHUHQ MHGRFK EHVWHKW GDV5LVLNR GDVV3(59VEHL GHUhEHUWUDJXQJ DXI GHQ0HQVFKHQ JH
VXQGKHLWOLFKH$XVZLUNXQJHQKDEHQ:UGHQ3(59VYRQ6FKZHLQHQDXIGHQ0HQVFKHQGXUFK





NLQVRQ 	 )LVKPDQ  'D 8QWHUVXFKXQJHQ GLH hEHUWUDJXQJ YRQ 3(59V LQ =HOONXOWXUHQ





3(59VPLW HLQHP DQGHUHQ LQ GHQ 9HUVXFKVWLHUHQ YRUNRPPHQGHQ 9LUXV LQWHUSUHWLHUW ZHUGHQ
NDQQ0DUWLQDHWDO<*<DQJHWDO(LQZHLWHUHU9HUVXFKLQGHPPHQVFKOLFKH
XQG SRUFLQH1LHUHQ]HOOHQ JHPHLQVDP LQNXELHUWZXUGHQ ]HLJWH HLQHhEHUWUDJXQJ YRQ3(59V
XQG LQZHLWHUHU)ROJHHLQHhEHUWUDJXQJ]ZLVFKHQPHQVFKOLFKHQ=HOOHQ2EHLQHhEHUWUDJXQJ
DEVHLWVGLHVHU/DERUVHWWLQJVVWDWWILQGHWLVWPDQJHOVODQJIULVWLJHU(UIDKUXQJVZHUWHLQ%H]XJDXI
;HQRWUDQVSODQWDWLRQ YRQJDQ]HQ2UJDQHQXQNODU 'HQQHU D'1LXHW DO 
6WXGLHQ LQGHQHQ=HOOHQYRQ6FKZHLQHQLQGHQ0HQVFKHQWUDQVSODQWLHUWZXUGHQKDEHQ]ZDU
NHLQHhEHUWUDJXQJYRQ3(59VJH]HLJW 'LQVPRUH0DQKDUW5DLQHUL -DFRE\	0RRUH 
(OOLRWWHWDO+HQHLQHHWDO,UJDQJHWDO0RUR]RYHWDOMHGRFKPV
VHQ GLHVH (UJHEQLVVH QLFKW ]ZLQJHQG IU ;HQRJUDIWV YRQ JHQWHFKQLVFK DQ GDVPHQVFKOLFKH
,PPXQV\VWHPDQJHSDVVWHQ7LHUHQJHOWHQ0DJUHHWDO:HUGHQ,QVHO]HOOHQDXVVHUGHP
HLQJHNDSVHOW WUDQVSODQWLHUWZDV LQHLQLJHQ6WXGLHQGHU)DOOZDU UHVXOWLHUWGLHV]XVDPPHQPLW
GHUQLHGULJHUHQ([SUHVVLRQYRQ3(59VLQ,QVHO]HOOHQLQHLQJHULQJHUHV5LVLNRGHUhEHUWUDJXQJ
(OOLRWW HW DO 0RUR]RY HW DO  (UNHQQWQLVVH DXV 6WXGLHQPLW QLFKWPHQVFKOLFKHQ
3ULPDWHQVLQGGDUEHUKLQDXV NHLQH ,QGLNDWRUHQ IU GLH1LFKWEHUWUDJXQJYRQ3(59VGDGLH






GHU ,PPXQDQWZRUW DEKlQJLJ 'LH DQDWRPLVFKH XQG SK\VLRORJLVFKH 3DVVXQJ YRQ 6FKZHLQH














VLFK HUVW EHL NOLQLVFKHQ 9HUVXFKHQPLW ;HQRWUDQVSODQWDWLRQ ]HLJHQ EHL GHQHQ OlQJHUH hEHU
OHEHQV]HLWHQHUUHLFKWZHUGHQ
8QDEKlQJLJ YRQ DQWLN|USHULQGX]LHUWHQ $EVWRVVXQJVUHDNWLRQHQ NDQQ HV DXIJUXQG SK\VLRORJL
VFKHU8QWHUVFKLHGH LQ GHU%OXWJHULQQXQJVUHJXODWLRQ ]ZLVFKHQ YHUVFKLHGHQHQ$UWHQ ]X*HULQ
QXQJVVW|UXQJHQ (QW]QGXQJVUHDNWLRQHQ XQG 7KURPERVHELOGXQJHQ NRPPHQ 9HUVFKLHGHQH
2UJDQH]HLJHQGLHVEH]JOLFKXQWHUVFKLHGOLFKH6FKZHUHJUDGHZREHL+HU]XQG1LHUHQZHQLJHU
VWDUNEHWURIIHQVFKHLQHQDOV/HEHUXQG/XQJH$XFKKLHUZLUGGLHJHQHWLVFKH0RGLILNDWLRQGHU
7LHUH DOV /|VXQJVZHJ JHVHKHQ GLH GXUFK HQWVSUHFKHQGH ,PPXQVXSSUHVVLRQ XQG HQW]Q






VR]LDOHU$VSHNWH GLH HLQHUVHLWVPLW GHUPHGL]LQLVFKWHFKQLVFKHQ0DFKEDUNHLW GHU ;HQRWUDQV
SODQWDWLRQHQJYHUNQSIWVLQG ]%*HVXQGKHLWVULVLNHQDQGHUHUVHLWVXQDEKlQJLJYRQGLHVHQ
EHVWHKHQ'LHJHVHOOVFKDIWOLFKHXQGIDFKOLFKH'LVNXVVLRQ]HLJWGLYHUJLHUHQGH3RVLWLRQHQLQXQ










LQ .RQWUDVW ]XU DXWRQRPHQ (QWVFKHLGXQJ LQ PHGL]LQLVFKHQ %HODQJHQ *HUDGH GDV HWKLVFKH
*UXQGSULQ]LSGLHLQIRUPLHUWH(LQZLOOLJXQJ]XU7HLOQDKPHDQHLQHU6WXGLHMHGHU]HLWZLGHUUXIHQ]X
N|QQHQ:HOWlU]WHEXQGZUGHPLWGLHVHU*HVXQGKHLWVEHUZDFKXQJLQ.RQIOLNWVWHKHQ









7LHUUHFKWH VLQG LQ GHU ;HQRWUDQVSODQWDWLRQ ZLH HWZD DXFK LQ %H]XJ DXI 1XW]WLHUKDOWXQJ XQG
-DJG HLQ SRODULVLHUHQGHV 7KHPD %HIUZRUWHULQQHQ XQG %HIUZRUWHU XPIDVVHQGHU 7LHUUHFKWH
WUHWHQJHJHQGLH0|JOLFKNHLW YRQ;HQRWUDQVSODQWDWLRQHLQ$XV LKUHU3HUVSHNWLYHKDEHQ7LHUH
JOHLFKHRGHUlKQOLFKH5HFKWHZLH0HQVFKHQXQGPVVHQGHPHQWVSUHFKHQGEHKDQGHOWZHUGHQ















 %HWHLOLJXQJV XQG 'LVNXVVLRQVDNWLYLWlWHQ KDEHQ LQ GHU 9HUJDQJHQKHLW LQ YHUVFKLHGHQHQ /lQGHUQ ± DXFK LQ GHU
6FKZHL]±EHUHLWVVWDWWJHIXQGHQ *ULHVVOHU%LHJHOEDXHU+DQVHQ	/RHEHUXQGN|QQWHQYRUGHP+LQWHUJUXQG
GHU(QWZLFNOXQJYRQ*HQRPH(GLWLQJHUQHXWGXUFKJHIKUWZHUGHQ




GHV 7LHUZRKOV XQG DXIJUXQG GHU )UDJH GHV 1XW]HQV LKUHU 5HVXOWDWH HWKLVFK XPVWULWWHQ ,Q GHU 6FKZHL] PVVHQ
)RUVFKHQGH7LHUYHUVXFKH©DXIHLQ0LQLPXP>«@EHVFKUlQNHQªXQGJHJHEHQHQIDOOVYHUVXFKHQ]XHUVHW]HQ]XUHGX





IQI /HEHQGJHEXUWHQ =KHQ /LX HW DO  ± DQGHUHUVHLWV HUZQVFKWH ZHLO ]X HUIRUVFKHQGH (UNUDQNXQJHQ GLH
SRWHQ]LHOOPLW7LHUOHLG]XVDPPHQKlQJHQHWZD0XVNHOG\VWURSKLHRGHU'LDEHWHV'DUEHUKLQDXVLVWGLH©9HUPHQVFK
OLFKXQJª YRQ 9HUVXFKVWLHUHQ GXUFK *HQRPH (GLWLQJ9HUIDKUHQ PLW GHU )UDJH YHUEXQGHQ DE ZHOFKHP *UDG GHU
bKQOLFKNHLW PLW GHP 0HQVFKHQ )RUVFKXQJ DQ 7LHUHQ HWKLVFK QLFKW PHKU ]X UHFKWIHUWLJHQ LVW HWZD ZHQQ NRJQLWLYH
)lKLJNHLWHQLPPHUZHLWHUGHQHQGHV0HQVFKHQDQJHQlKHUWZHUGHQ1HXKDXV
,QGHU6FKZHL] LVWGLH$Q]DKOYRQ7LHUHQIU7LHUYHUVXFKHLQGHQOHW]WHQ-DKUHQWHQGHQ]LHOOJHVXQNHQZHQQJOHLFK
VLH ]HLWZHLVH QLHGULJHU ZDU DOV KHXWH HWZD LQ GHQ -DKUHQ ± XQG ±  ZXUGHQ  
9HUVXFKVWLHUH LQGHU6FKZHL]YHUZHQGHWGDYRQXD0lXVH5DWWHQ9|JHO)LVFKH
 5LQGHU  6FKZHLQH XQG  3ULPDWHQ %XQGHVDPW IU /HEHQVPLWWHOVLFKHUKHLW XQG 9HWHULQlUZHVHQ %/9
E,QGHQOHW]WHQ]HKQ-DKUHQNDPHVGDEHL]XHLQHU=XQDKPHYRQ7LHUYHUVXFKHQPLWJHQWHFKQLVFKYHUlQGHUWHQ





ZLUG (LQHUVHLWV N|QQWHQ EHVWLPPWH /HEHZHVHQ HKHU XQG YHUPHKUW DOV 9HUVXFKVWLHUH HLQJHVHW]W ZHUGHQ ]% QLFKW
PHQVFKOLFKH3ULPDWHQZDVYRQ2UJDQLVDWLRQHQGLHVLFKJHJHQ7LHUYHUVXFKHHLQVHW]HQNULWLVLHUWZLUG &UXHOW\)UHH
,QWHUQDWLRQDO  )RUVFKHQGH GLH PLW *HQRPH (GLWLQJ DUEHLWHQ VHKHQ ZLHGHUXP GLH &KDQFH GLH $Q]DKO YRQ





IU GLH %HKDQGOXQJ YRQ (UNUDQNXQJHQ YHUZHQGHW 'LH ;HQRWUDQVSODQWDWLRQ EHUVFKUHLWHW GLH
*UHQ]H ]ZLVFKHQ 7LHU XQG0HQVFK LQVRIHUQ UDGLNDOHU DOV GDVV =HOOHQ *HZHEH RGHU JDQ]H
2UJDQH GDXHUKDIW LQ GHQ.|USHU HLQJHEUDFKW XQGPLW GLHVHP YHUEXQGHQZHUGHQ 'LHV NDQQ
PLWXQWHU (NHO XQG VR]LDOH$EOHKQXQJ KHUYRUUXIHQ &RRN  GDUEHU KLQDXV VWHOOHQ VLFK
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
ZLUNXQJHQDXIJUXQGYHUlQGHUWHU(LJHQXQG)UHPGZDKUQHKPXQJLQIROJHHLQHU;HQRWUDQVSODQ








DXI *HZLQQH VLQG DXVVHUGHP ]X GLVNXWLHUHQ (LGJHQ|VVLVFKH (WKLNNRPPLVVLRQ IU GLH *HQ
WHFKQLN LP DXVVHUKXPDQHQ %HUHLFK  'HUDUWLJH )UDJHQ EHWUHIIHQ MHGRFK QLFKW DXV







:lKUHQG ;HQRWUDQVSODQWDWLRQ LQ GHU 9HUJDQJHQKHLW LPPHU ZLHGHU YRQ 5FNVFKOlJHQ XQG
6WDJQDWLRQ JHSUlJW JHZHVHQ VHL ZUGHQ QHXH*HQRPH(GLWLQJ9HUIDKUHQ QXQ GLH hEHUZLQ




GHU ;HQRWUDQVSODQWDWLRQ ;HQRWUDQVSODQWDWLRQ VROO LQQHUKDOE HLQHV -DKU]HKQWV ]XU ©NOLQLVFKHQ
5HDOLWlWªZHUGHQ0HLHUHWDO6±'LH*HQHKPLJXQJXQGGHU6WDUWHUVWHUNOLQL
VFKHU 9HUVXFKH DP0HQVFKHQ ZXUGHQ YRQ PDQFKHQ IU  YRUKHUJHVDJW 3XOOHQ 
































0LWWH GHU HU-DKUHZXUGH GLH$XVVFKDOWXQJ .QRFNRXW GHV*HQV Į*7 EH]LHKXQJV
ZHLVH **7$ ZHOFKHV IU GLH 3URGXNWLRQ GHV *DOĮ*DO(SLWRSV YHUDQWZRUWOLFK LVW DOV





GLH .RPSOHPHQWDNWLYLHUXQJ GXUFK JHQHWLVFKH9HUlQGHUXQJHQ ]X XQWHUGUFNHQ %HFNPDQQ HW
DO6±&RRSHUHWDO+U\KRURZLF]HWDO
%HUHLWV YRU GHU (QWZLFNOXQJ YRQ QHXHUHQ *HQRPH (GLWLQJ0HWKRGHQ ZLH =)1 7$/(1 RGHU
&5,635ZXUGHQ7LHUHPLWWHOVXQWHUVFKLHGOLFKHUELRWHFKQRORJLVFKHU$QVlW]HJHQHWLVFKVRYHU
lQGHUWGDVVVLHGLHHQWVSUHFKHQGHQ$QWLJHQHQLFKWPHKUSURGX]LHUWHQ.O\PLXN$LJQHU%UHP
	 :ROI  $QIDQJ GHU HU-DKUH ZXUGHQ PLWWHOV VRPDWLVFKHQ =HOONHUQWUDQVIHUV XQG
KRPRORJHU5HNRPELQDWLRQ6FKZHLQHSURGX]LHUWEHLGHQHQHLQ$OOHOGHVĮ*7*HQVDXVJH
VFKDOWHW LVW <'DL HW DO  /DL HW DO  %HLP VRPDWLVFKHQ =HOONHUQWUDQVIHUZHUGHQ
VRPDWLVFKH=HOOHQLQHLQHHQWNHUQWHXQGQRFKXQEHIUXFKWHWH(L]HOOHHLQJHEUDFKWXQGHLQHUVSH
]LILVFKHQ%HKDQGOXQJXQWHU]RJHQZHOFKHGLH(QWZLFNOXQJHLQHV(PEU\RV LQLWLLHUW'DPLWZLUG
HLQ .ORQ GHV /HEHZHVHQV KHUJHVWHOOW GHP GLH VRPDWLVFKH =HOOH ]XYRU HQWQRPPHQZXUGH
6SlWHUZXUGHQGXUFKVRPDWLVFKHQ=HOONHUQWUDQVIHUXQGJH]LHOWH6HOHNWLRQYRQ=HOOHQPLWHQW
VSUHFKHQGHQ3XQNWPXWDWLRQHQ6FKZHLQHKHUJHVWHOOWGHUHQĮ*7*HQLQVJHVDPWEHLGH$OOH
OHDXVJHVFKDOWHQ LVW 3KHOSVHWDO(EHQIDOOV UHDOLVLHUWZXUGHGLHZHLWHUH9HUPHKUXQJ
XQG=FKWXQJYRQVRSURGX]LHUWHQ*7.26FKZHLQHQ1RWWOHHWDO

 'XUFK V\VWHPDWLVFKH =FKWXQJ ZXUGHQ EHUHLWV GDYRU PHKU RGHU ZHQLJHU ]LHOJHULFKWHW EHVWLPPWH 0HUNPDOH YRQ
7LHUHQVHOHNWLHUWXQGYHUVWlUNWEDVLHUHQGDXIQDWUOLFKHQJHQHWLVFKHQ9DULDWLRQHQ
'DV.ORQVFKDI'ROO\LVWGDV(UJHEQLVGLHVHU9RUJHKHQVZHLVH.+&DPSEHOO0F:KLU5LWFKLH	:LOPXW






VXQJ N|QQHQ DXIJUXQG LKUHU:LUNPHFKDQLVPHQPLW GLHVHQ QLFKW YHUKLQGHUW ZHUGHQ %HFNPDQQ HW DO 6 
+DPPHU
0LWWHOVYHUVFKLHGHQHU0HWKRGHQZLUGYHUVXFKWHLQH5HGXNWLRQGHU$QWLN|USHULP2UJDQLVPXV]XHUUHLFKHQ6LHHUEULQ
JHQ MHGRFK QXU HLQH WHPSRUlUH 5HGXNWLRQ GHV $QWLN|USHUVSLHJHOV XQG VLQG NHLQH GDXHUKDIWH /|VXQJ JHJHQ GLH
$EVWRVVXQJ&RRSHUHWDO*ULPP
'HU7K\PXV LVWPDVVJHEOLFKDQGHU(QWZLFNOXQJYRQ7=HOOHQ LP.|USHUEHWHLOLJW'XUFKGLHJOHLFK]HLWLJH;HQRWUDQV





PLW GHU .R7UDQVSODQWDWLRQ YRQ .QRFKHQPDUN RGHU %OXWVWDPP]HOOHQ ZLUG H[SHULPHQWLHUW 6DFKV .DZDL 	 6\NHV
<DPDGD6\NHVHWDO
%HL GHU 9HUNDSVHOXQJ ZHUGHQ =HOOHQ LQ HLQH NQVWOLFKH 0HPEUDQ HLQJHVFKORVVHQ XQG GDPLW YRP HPSIDQJHQGHQ
2UJDQLVPXVSK\VLVFKLVROLHUW6WRIIHGLHHLQH,PPXQUHDNWLRQXQG$EVWRVVXQJKHUYRUUXIHQN|QQWHQVROOHQDEJHKDOWHQ
ZHUGHQZlKUHQGHUZQVFKWH6WRIIH±]%,QVXOLQRGHU6DXHUVWRII±SDVVLHUHQN|QQHQ3UREOHPHGLHVHV$QVDW]HVVLQG
GLH %LRNRPSDWLELOLWlW GHV 0DWHULDOV PDQJHOQGH 6DXHUVWRIIYHUVRUJXQJ GHV 7UDQVSODQWV YHUODQJVDPWH $EJDEH YRQ
HUZQVFKWHQ6WRIIHQRGHUGLH'XUFKOlVVLJNHLWIUDQGHUH0ROHNOHGHU,PPXQDQWZRUW'LH+HUVWHOOXQJHLQHV0DWHULDOV
PLWGDIURSWLPDOHQ(LJHQVFKDIWHQZLUGDQJHVWUHEW+.<DQJ	<RRQ'LH0HWKRGHZXUGHPLWSRU]LQHQ,QVHO
























































x $QGHU8QLYHUVLWlW*HQIEHVFKlIWLJWVLFKGLH)RUVFKXQJVJUXSSHCell Cultures and Transplantation 3URI'U/HR
%KOHUXDPLWGHU7UDQVSODQWDWLRQYRQ/HEHU]HOOHQ8QLYHUVLWpGH*HQqYH±'HSDUWPHQWRI6XUJHU\R-$XV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
x $Q GHU eFROH 3RO\WHFKQLTXH )pGpUDOH GH /DXVDQQH IRUVFKW GLH Group for Functionalized Biomaterials XQWHU
/HLWXQJ YRQ 3URI 'U *HUEHU DQ 0DWHULDOLHQ ]XU (LQNDSVHOXQJ YRQ =HOOHQ (FROH SRO\WHFKQLTXH IpGpUDOH GH
/DXVDQQHR-



















 HUVFKXI HLQ )RUVFKXQJVWHDP LQ HLQHP PHKUVWXILJHQ 3UR]HVV 'RXEOH.QRFNRXW
6FKZHLQHEHLGHQHQ]ZHLXQWHUVFKLHGOLFKH*HQHDXVJHVFKDOWHQZXUGHQĮ*7XQG&0$+
ZHOFKHVIUGLH3URGXNWLRQHLQHVZHLWHUHQ$QWLJHQV1HX*FYHUDQWZRUWOLFKLVW=XQlFKVWZXU










VROFKHPLW ]XVlW]OLFK HLQJHEDXWHQ*HQHQ GLH NRPSOHPHQWUHJXOLHUHQGH 3URWHLQH H[SULPLHUHQ
-7 .DQJ HW DO   LQIRUPLHUWH HLQH VGNRUHDQLVFKH )RUVFKXQJVJUXSSH EHU GLH
HUIROJUHLFKH+HUVWHOOXQJYRQ6FKZHLQHQPLWWHOV7$/(1XQGVRPDWLVFKHP=HOONHUQWUDQVIHUGLH

(VZXUGHQGLH ]HKQ6WHOOHQGHU'1$DQDO\VLHUW DQGHQHQ2II7DUJHW(IIHNWHDXIWUHWHQ N|QQWHQ'LH)RUVFKHQGHQ
NRPPHQ]XGHP6FKOXVVGDVV2II7DUJHW(IIHNWHDQDQGHUHQQLFKWEHUSUIWHQ6WHOOHQXQZDKUVFKHLQOLFKVLQGGDGLH
6FKZHLQHVLFKSK\VLRORJLVFKXQDXIIlOOLJHQWZLFNHOWHQ+DXVFKLOGXD6




GHP =HOOWRG HQWJHJHQZLUNHQ +2 VK71)5,)F =HOOHQ YRQ EHUHLWV JHQHWLVFK PRGLIL]LHUWHQ
6FKZHLQHQZXUGHQGDEHLPLWWHOV7$/(1ZHLWHUJHQHWLVFKYHUlQGHUW*$.LPHWDO0LW
7$/(1ZXUGHQHUVWPDOV6FKZHLQHRKQHVRPDWLVFKHQ=HOONHUQWUDQVIHUPRGLIL]LHUW VRQGHUQ LQ
HLQHP VSH]LILVFKHQ (QWZLFNOXQJVVWDGLXP GLUHNW PLWWHOV *HQRPH (GLWLQJ JHQHWLVFK YHUlQGHUW














DVHQ ZLH )RNG&DV HUIROJUHLFK XQG HIIL]LHQW ]XU (LQEULQJXQJ JURVVHU 7UDQVJHQH LQ GDV
6FKZHLQHJHQRPDQJHZHQGHWZHUGHQ1RWWOHHWDO'XUFKGLH.RPELQDWLRQYHUVFKLHGH
QHU *HQRPH (GLWLQJ9HUIDKUHQ &5,635&DV XQG =)1 VHTXHQ]LHOOHP (LQEULQJHQ YRQ
7UDQVJHQHQXQGVHULHOOHPVRPDWLVFKHQ=HOONHUQWUDQVIHUZXUGHQPLWWOHUZHLOH6FKZHLQHPLWELV
]XVLHEHQ0RGLILNDWLRQHQHU]HXJW%HLGLHVHQVLQGĮ*7XQG&0$+DXVJHVFKDOWHQPHQVFK
OLFKH NRPSOHPHQWUHJXOLHUHQGH 3URWHLQH &' &' &' VRZLH *HQNDVVHWWHQ IU GLH
PHQVFKOLFKHQ*HQH$XQG+2HLQJHEUDFKWGLHHQW]QGXQJVKHPPHQGVLQGXQGGHP=HOO
WRGHQWJHJHQZLUNHQ0DQFKH*HQH +2 ILQGHQVLFKGDEHL MHGRFKQXU LQEHVWLPPWHQ=HOOHQ
+HU]+DXW0XVNHOQQLFKWMHGRFKLQDQGHUHQ/XQJH7URW]GLHVHUEHUHLWVXPIDVVHQGHQ0R
GLILNDWLRQHQ ZLUG DQJHQRPPHQ GDVV ZHLWHUH JHQHWLVFKH 9HUlQGHUXQJHQ IU GLH YROOVWlQGLJH
hEHUZLQGXQJYRQ$EVWRVVXQJVUHDNWLRQHQQRWZHQGLJVLQG)LVFKHUHWDO
hEHU GLH9HUKLQGHUXQJ YRQ$EVWRVVXQJVUHDNWLRQHQKLQDXVZLUG*HQRPH(GLWLQJ GD]XHLQJH
VHW]W ;HQRJUDIWV DQ GHQPHQVFKOLFKHQ2UJDQLVPXV DQ]XSDVVHQ ,QVHO]HOOHQ YRQ6FKZHLQHQ

















KDEHQ LQ3DYLDQHQ LQ(LQ]HOIlOOHQELV]X7DJHXQG LP0HGLDQ7DJHEHUGDXHUWGLHV
ZXUGHDXFKPLWGHP(LQVDW]YHUVFKLHGHQHU ,PPXQVXSSUHVVLYDHQW]QGXQJVKHPPHQGHUXQG
JHULQQXQJVI|UGHUQGHU0LWWHO XQG$QWLELRWLND HUUHLFKW 0RKLXGGLQ HW DO *HUDGH GLH ,P
PXQVXSSUHVVLRQGLHVHV9HUVXFKV± LQVEHVRQGHUH0LWWHO ]XU.R6WLPXODWLRQV%ORFNDGH±ZLUG
DOV ©0HLOHQVWHLQª GHU ]XP ©HUQHXWHQ %RRP GHU ;HQRWUDQVSODQWDWLRQª EHLJHWUDJHQ KDW EH
VFKULHEHQ5HLFKDUWHWDO6$XFKDQKHWHURWRSHU+HU]WUDQVSODQWDWLRQEHLGHUGDV
+HU];HQRJUDIW HLQH GDV HLJHQH +HU] XQWHUVWW]HQGH 3XPSOHLVWXQJ HUEULQJW ZLUG JHIRUVFKW
9HUVXFKH GLHVHU$UW KDWWHQ MHGRFK NU]HUH hEHUOHEHQV]HLWHQ ZDV DXI HLQHPDQJHOKDIWH ,P
PXQVXSSUHVVLRQ]XUFNJHIKUWZLUG$ELFKWHWDO






GHU .KOXQJ XQG 'XUFKEOXWXQJ GHV ;HQRJUDIWV ± XQG GHU $QSDVVXQJ GHU PHGLNDPHQW|VHQ
%HKDQGOXQJQDFKGHU7UDQVSODQWDWLRQHUEUDFKWHQLQ9HUVXFKHQPLWPHKUIDFKJHQHWLVFKYHUlQ



















K|KHUH hEHUOHEHQVGDXHUQ DOV QLFKW PRGLIL]LHUWH 2UJDQH JH]HLJW GHQQRFK OLHJHQ GLH hEHU



















QHWLVFK PRGLIL]LHUWHQ 6FKZHLQHQ LQ .RPELQDWLRQ PLW ,PPXQVXSSUHVVLRQ ZXUGHQ EHL GLDEHWL
VFKHQQLFKWPHQVFKOLFKHQ3ULPDWHQEHUHLWVODQJIULVWLJH(UIROJHHU]LHOW(VNRQQWHHLQH1RUPDOL
VLHUXQJGHV%OXW]XFNHUVSLHJHOVEHU7DJHHUUHLFKWZHUGHQHUVWGDV$EVHW]HQGHU,PPXQ





























+DXW HLQJHVHW]WZHUGHQ+DXW;HQRJUDIWV YRQJHQHWLVFK YHUlQGHUWHQ WUDQVJHQHQ6FKZHLQHQ
EHUOHEWHQ ELV ]X 7DJH LQ QLFKWPHQVFKOLFKHQ3ULPDWHQ 7HQD HW DO $XFKZHLWHUH
6WXGLHQ]HLJWHQGDVVGLHJHQHWLVFKH0RGLILNDWLRQGLHhEHUOHEHQVGDXHUHUK|KW8QWHUVXFKXQ







LVW RE3(59VEHUKDXSW GXUFK;HQRWUDQVSODQWDWLRQ DXI GHQ0HQVFKHQEHUWUDJHQXQGGHP
0HQVFKHQGDGXUFKJHIlKUOLFKZHUGHQN|QQHQVLHKH$EVFKQLWW
,QIRER[:HLWHUH6WUDWHJLHQJHJHQGLHhEHUWUDJXQJYRQ.UDQNKHLWVHUUHJHUQ
(LQH 9HUKLQGHUXQJ GHU hEHUWUDJXQJ YRQ .UDQNKHLWVHUUHJHUQ LP =XJH GHU ;HQRWUDQVSODQWDWLRQ LVW GXUFK VSH]LILVFK
SDWKRJHQIUHLH +DOWXQJVEHGLQJXQJHQ 63) 6FUHHQLQJV ,PSIXQJHQ 0HGLNDPHQWHQJDEH XQG JH]LHOWH $XVZDKO GHU




JQRVHYHUIDKUHQ DQJHZHQGHW ZHUGHQ PVVHQ XP GLH JDQ]H %DQGEUHLWH DQ ,QIHNWLRQVP|JOLFKNHLWHQ DE]XGHFNHQ
'HQQHU'LHVH3HUVRQHQPVVWHQVLFKUHJHOPlVVLJHQXQGZRP|JOLFKOHEHQVODQJHQ*HVXQGKHLWVXQWHUVXFKXQ
JHQXQWHU]LHKHQ'DUEHUKLQDXVPVVWHQDXFKQDKHVWHKHQGH3HUVRQHQXQG6H[XDONRQWDNWHGHV2UJDQHPSIlQJHUV




VFKHLWHUWHQ MHGRFK HVELOGHWH VLFKVWDUNH=\WRWR[L]LWlW LQ GHQEHKDQGHOWHQ=HOOHQKHUDXVGLH
=HOOHQ]HUVW|UWH6HPDDQ,YDQXVLF	'HQQHUEHULFKWHWHMHGRFKHLQH)RUVFKXQJV
JUXSSH YRQ GHU$XVVFKDOWXQJ DOOHU3(59V LQ =HOONXOWXUHQ YRQ1LHUHQ]HOOHQ0LWWHOV&5,635

'DV&7/$,PPXQRJOREXOLQGDVLQGDV6FKZHLQHJHQRPHLQJHEUDFKWZXUGHPRGXOLHUWGLH7=HOOHQ$NWLYLWlW
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;HQRWUDQVSODQWDWLRQXQG*HQRPH(GLWLQJ 
&DVZXUGHQVLPXOWDQ]XYRU LGHQWLIL]LHUWH6WHOOHQGHV*HQRPVYRQ6FKZHLQHQYHUlQGHUW
GLH LQ =XVDPPHQKDQJ PLW 3(59V VWHKHQ 'LH GDUDXIIROJHQGH .R.XOWLYLHUXQJ YRQ PHQVFK




OHQ]XELVODQJQLFKW LQIL]LHUWHQPHQVFKOLFKHQ=HOOHQ LP/DERUZRPLW VLHGLH:LFKWLJNHLW HLQHU










GLHDQJHZDQGWHQ$QDO\VHPHWKRGHQ LPPHUDOOH UHOHYDQWHQ.UDQNKHLWVHUUHJHU LGHQWLIL]LHUWZHU
GHQ N|QQHQ 'HQQHU F /HW]WHQGOLFK EOHLEW GDV ©DEVROXWH 5LVLNR IU ,QIHNWLRQHQ >«@ LQ
(UPDQJHOXQJ YRQ6WXGLHQ DP0HQVFKHQ XQEHNDQQWª )LVKPDQ DKHDG RI SULQW*OHLFK]HLWLJ
EHVWHKWGLHVHV LPPHUDXFKEHL$OORWUDQVSODQWDWLRQEHLGHU IUXPIDQJUHLFKH7HVWXQJHQPHLVW
NHLQH =HLW EOHLEW:UGH LQ GLH 7HVWXQJ GHU 6FKZHLQH DOV 2UJDQTXHOOHQ JHQJHQG LQYHVWLHUW
ZHUGHQ GDQQ N|QQWH GLH;HQRWUDQVSODQWDWLRQ LQ%H]XJ DXI GLHhEHUWUDJXQJ YRQ.UDQNKHLWV
HUUHJHUQVLFKHUHUDOVGLH$OORWUDQVSODQWDWLRQVHLQ,QWHUYLHZPLW-'HQQHU
 .OLQLVFKH6WXGLHQDP0HQVFKHQ"





NHLQH$Q]HLFKHQ HWZDLJHU3(59VhEHUWUDJXQJHQ XQG HLQH5HGXNWLRQ K\SRJO\NlPLVFKHU(SL
VRGHQ EHL HLQHP 7HLO GHU 3DWLHQWLQQHQ XQG 3DWLHQWHQ *DUNDYHQNR HW DO  :\Q\DUG
1DWKX*DUNDYHQNR'HQQHU	(OOLRWW:HLWHUH6WXGLHQPLWYHUNDSVHOWHQSRUFLQHQ,QVHO




GLHQZLUG DOV ]XZHQLJ XPIDVVHQG HLQJHVWXIWZRGXUFKHLQH%HXUWHLOXQJ LKUHU(UJHEQLVVH HU
VFKZHUWZLUG=KHQJ]KDR/LXHWDO
(LQ]HOQH 9HUVXFKH GHU ;HQRWUDQVSODQWDWLRQ YRQ 2UJDQHQ PLW 0HQVFKHQ VLQG EHUHLWV LQ GHU
9HUJDQJHQKHLW HUIROJORV GXUFKJHIKUWZRUGHQ 'HVFKDPSV HW DO  ,Q GHQ OHW]WHQ -DKU
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
]HKQWHQNRQ]HQWULHUWHVLFKGLH)RUVFKXQJYRUDOOHPDXISUlNOLQLVFKH7LHUYHUVXFKH9RUGHP
+LQWHUJUXQG GHU ZHLWHU YHUEHVVHUWHQ 9HUKLQGHUXQJ YRQ$EVWRVVXQJVUHDNWLRQHQ XQG GHU$XV


















3(59VhEHUWUDJXQJZHOFKHV ODQJH=HLW DOV HLQ ]HQWUDOHV$UJXPHQW JHJHQ NOLQLVFKH6WXGLHQ
LGHQWLIL]LHUW ZXUGH ZLUG YRQ 3URSRQHQWLQQHQ XQG 3URSRQHQWHQ YRQ ;HQRWUDQVSODQWDWLRQ YRU








ZHUGHQ%ODVWR]\VWHQGHV7LHUHVVR YHUlQGHUW GDVV VLFK LQGHU HPEU\RQDOHQ(QWZLFNOXQJGDVHQWVSUHFKHQGH2UJDQ
QLFKWKHUDXVELOGHW,QGLHGDGXUFKHQWVWHKHQGH©1LVFKHªZHUGHQPHQVFKOLFKHLQGX]LHUWHSOXULSRWHQWH6WDPP]HOOHQHLQ
JHEUDFKW'LHKHUDQJHUHLIWHQ7LHUHVROOHQGDQQEHUHLQ2UJDQYHUIJHQZHOFKHVJHQHWLVFKGHP0HQVFKHQHQWVSULFKW
:HQQ GLH LQGX]LHUWHQ SOXULSRWHQWHQ 6WDPP]HOOHQ YRQ GHU HPSIDQJHQGHQ 3HUVRQ VHOEVW VWDPPWHQ N|QQWH ,PPXQ
VXSSUHVVLRQ YHUULQJHUW RGHU JlQ]OLFK XQQ|WLJ ZHUGHQ GD GDV 2UJDQ QLFKW PHKU DOV )UHPGN|USHU VRQGHUQ DOV
N|USHUHLJHQHUNDQQWZLUG2OGDQL3HORVR/DFRWWH0HLHU	7RVR
 ZXUGH HUVWPDOV HLQ FKLPlULVFKHU (PEU\R GXUFK (LQEULQJXQJ PHQVFKOLFKHU 6WDPP]HOOHQ LQ HLQH 6FKZHLQH
EODVWR]\VWHHU]HXJWMHGRFKLQWHJULHUWHVLFKQXUHLQJHULQJHU$QWHLOGHUPHQVFKOLFKHQ=HOOHQWDWVlFKOLFKLQGHQ(PEU\R
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NRQQWHQ FKLPlUH ,QVHO]HOOHQ KHUJHVWHOOW XQG LQ 0lXVHQ PLW 7\S'LDEHWHV HLQJHSIODQ]W ZHUGHQ GLH 9HUVXFKVWLHUH
EHUOHEWHQ IU EHU 7DJHRKQH ODQJIULVWLJH ,PPXQVXSSUHVVLRQ XQGPLW QRUPDOLVLHUWHP%OXW]XFNHUVSLHJHO <DPD
JXFKLHWDO0lXVHXQG5DWWHQVLQGMHGRFKHQJHUYHUZDQGWDOVHWZD6FKZHLQHXQG0HQVFKHQ
,QVJHVDPWEHVWHKHQYLHOHRIIHQH)UDJHQ]XUPHGL]LQLVFKHQ0DFKEDUNHLW]X1HEHQHIIHNWHQ]XUHWKLVFKHQ%HXUWHLOXQJ




UDQVSODQWDWLRQHQ ;HQRWUDQVSODQWDWLRQ LVW EHL (UIOOXQJ EHVWLPPWHU 9RUDXVVHW]XQJHQ HUODXEW
1HEHQ IDFKOLFKHQXQGEHWULHEOLFKHQ$VSHNWHQ $UWEHWUHIIHQGLHVHGLH$XINOlUXQJXQGGHQ
6FKXW]YRQ3DWLHQWLQQHQXQG3DWLHQWHQ$UW±VRZLHGLH0LQLPLHUXQJGHV5LVLNRV IUHLQH
hEHUWUDJXQJ YRQ .UDQNKHLWVHUUHJHUQ $UW ± RGHU GHUHQ$XVEUHLWXQJ $UW ± ±
.OLQLVFKH9HUVXFKHXQG%HKDQGOXQJGXUFK;HQRWUDQVSODQWDWLRQVLQGEHZLOOLJXQJVSIOLFKWLJ $UW
 ZRIU GDV ]XVWlQGLJH %XQGHVDPW IU *HVXQGKHLW )DFKJXWDFKWHQ XQG 6WHOOXQJQDKPHQ
HLQKROW$UW'LHJHQHWLVFKH0RGLILNDWLRQGHU7LHUHLVWLP*HQWHFKQLNJHVHW]*7*JHUHJHOW
XQGHEHQIDOOVXQWHUEHVWLPPWHQ%HGLQJXQJHQHUODXEW=ZDULVWGLH©:UGHGHU.UHDWXUª$UW
]X DFKWHQ GLH GXUFK(LQJULIIH LQ ©DUWVSH]LILVFKH(LJHQVFKDIWHQ )XQNWLRQHQ RGHU /HEHQVZHL
VHQªEHHLQWUlFKWLJWZHUGHQZUGHMHGRFKJLEWHVVFKXW]ZUGLJH,QWHUHVVHQZLHGLH©*HVXQG











0DVVQDKPHQ ]XU %HI|UGHUXQJ GHU 6SHQGHQEHUHLWVFKDIW N|QQHQ GLH $Q]DKO DQ YHUIJEDUHQ
2UJDQHQ HUK|KHQ 6KDQPXJDUDMDK 9LOODQL0DGDULDJD 6KDOKRXE	0LFKHO  =ZLVFKHQ
 XQG  VWLHJ LQ 6SDQLHQ GLH $Q]DKO DQ YHUVWRUEHQHQ 2UJDQVSHQGHULQQHQ
XQG VSHQGHUQYRQDXISURHLQH0LOOLRQ(LQZRKQHULQQHQXQG(LQZRKQHU'LHVH(UK|
KXQJ ZXUGH GXUFK HLQH XPIDVVHQGH 5HVWUXNWXULHUXQJ GHV 2UJDQWUDQVSODQWDWLRQVV\VWHPV HU
UHLFKW 0DVVQDKPHQ ]LHOHQ DXI GLH YHUEHVVHUWH ,GHQWLILNDWLRQ YRQ SRWHQ]LHOOHQ 6SHQGHULQQHQ

6LHKH.DSLWHO $EVFKQLWW GHV YRUOLHJHQGHQ%HULFKWHV IU HLQHXPIDVVHQGHUH(U|UWHUXQJGHU UHFKWOLFKHQ5DK
PHQEHGLQJXQJHQ
 ODJGLH$Q]DKODQYHUVWRUEHQHQ2UJDQVSHQGHULQQHQXQG VSHQGHUQ LQGHU6FKZHL]EHLSURHLQH0LOOLRQ
(LQZRKQHULQQHQXQG(LQZRKQHUQ












ULJHQ QDFK GHP 7RG GHU VSHQGHQGHQ 3HUVRQ HLQH 2UJDQVSHQGH HUIROJHQ GDUI $UW  'LH
6SHQGHUDWH±GLH$Q]DKOGHU6SHQGHULQQHQXQG6SHQGHUSURHLQHU0LOOLRQ(LQZRKQHULQQHQXQG
(LQZRKQHU±EHWUXJ LQGHU6FKZHL] UXQGEHL OHEHQGHQXQGEHL YHUVWRUEHQHQ








VXFKXQJHQ XQG IUK]HLWLJHU 'LDJQRVH XQG %HKDQGOXQJ YRQ*UXQGHUNUDQNXQJHQ N|QQWHQ GLH
1RWZHQGLJNHLW YRQ 2UJDQWUDQVSODQWDWLRQ UHGX]LHUHQ 3UlYHQWLRQVPDVVQDKPHQ VLQG DEHU QXU





























3OXULSRWHQWH 6WDPP]HOOHQ EHVLW]HQ GLH )lKLJNHLW VLFK LQ XQWHUVFKLHGOLFKH =HOOHQ XQG *HZHEH DXV]XGLIIHUHQ]LHUHQ
(PEU\RQDOH6WDPP]HOOHQ(6=HOOHQVLQG]HQWUDOIUGLHHPEU\RQDOH(QWZLFNOXQJXQGHVEHVWHKWGLH+RIIQXQJGDVV




XQG (6=HOOHQ LQ YLHOHQ %HODQJHQ MHGRFK ZHLVHQ VLH DXFK 8QWHUVFKLHGH DXI GLH LQ )RUVFKXQJ XQG PHGL]LQLVFKHU
$QZHQGXQJEHUFNVLFKWLJWZHUGHQPVVHQ&KLQHWDO5RELQWRQ	'DOH\
'LH 6WDPP]HOOHQIRUVFKXQJ ,QIRER[  YHUVXFKW PLWWHOV XQWHUVFKLHGOLFKHU $QVlW]H 2UJDQH











'LH(U]HXJXQJ YRQ2UJDQHQXQG*HZHEHQPLWWHOV '%LRSULQWHUZLUGHEHQIDOOV YRUDQJHWULH
EHQ'HUHQJU|VVWH+HUDXVIRUGHUXQJ LVWGLH$XVELOGXQJYRQ*HIlVVV\VWHPHQXQG1HUYHQYHU
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
0HFKDQLVFKHNQVWOLFKH+HU]HQ ZHUGHQVHLW-DKU]HKQWHQHQWZLFNHOWXQG]XU%HKDQGOXQJYRQ
+HU]LQVXIIL]LHQ]HQ XQG +HU]YHUVDJHQ HLQJHVHW]W GHU]HLW YRU DOOHP ]XU hEHUEUFNXQJ ELV ]X
HLQHU$OORWUDQVSODQWDWLRQXQGLQHLQ]HOQHQ)lOOHQDOVSHUPDQHQWH/|VXQJ*HURVD*DOOR%RWWLR
	7DU]LD0LQKDVHWDO'LHXQWHUVFKLHGOLFKHQ0DVFKLQHQEHUQHKPHQRGHUXQWHU
VWW]HQ GLH 3XPSOHLVWXQJ GHV +HU]HQV 'LH +DOWEDUNHLW *U|VVH XQG (QHUJLHYHUVRUJXQJ GHU
0DVFKLQHQLKUH*HUlXVFKXQG+LW]HHQWZLFNOXQJGLHJHQDXH$QSDVVXQJGHU/HLVWXQJXQG$UW
GHV3XPSYRUJDQJVDQGLHN|USHUOLFKHQ%HGLQJXQJHQVRZLHGLH9HUPHLGXQJYRQ*HULQQXQJV













OHULQQHQ XQG:LVVHQVFKDIWOHUQ GDVV EDOG NOLQLVFKH 6WXGLHQ PLW 2UJDQHQ XPJHVHW]W ZHUGHQ
N|QQHQ 'LH$QZHQGXQJ YRQ*HQRPH (GLWLQJ9HUIDKUHQ LVW GDEHL QLFKW DOOHLQLJ IU GLH )RUW
VFKULWWH YRQ;HQRWUDQVSODQWDWLRQYHUDQWZRUWOLFK'DUEHUKLQDXVVSLHOW DXFKGLHEHVFKULHEHQH
9HUEHVVHUXQJ YRQ ,PPXQVXSSUHVVLYD XQG NRPSOHPHQWUHJXOLHUHQGHQ 0LWWHOQ HLQH JHZLFKWLJH
5ROOH
%HIUZRUWHULQQHQXQG%HIUZRUWHUGHU;HQRWUDQVSODQWDWLRQYHUPLWWHOQHLQSRVLWLYHV%LOGGHUZHL
WHUHQ (QWZLFNOXQJ 9RU GHP +LQWHUJUXQG YHUEHVVHUWHU 9HUIDKUHQ GHV *HQRPH (GLWLQJV HU
VFKHLQW HLQ VROFKHU 2SWLPLVPXV LQ HLQHP JHZLVVHQ0DVV YHUVWlQGOLFK *OHLFK]HLWLJ OlVVW GLH
YHUJDQJHQH(QWZLFNOXQJNHLQHGHILQLWLYHQ3URJQRVHQIUGLH=XNXQIW]XREXQGZDQQGLHPHGL
]LQLVFKWHFKQLVFKHQ +HUDXVIRUGHUXQJHQ JHPHLVWHUW ZHUGHQ EOHLEW OHW]WHQGOLFK XQJHZLVV 9RU
GHP +LQWHUJUXQG YHUJDQJHQHU ]XP 7HLO KRKHU (UZDUWXQJHQ GLH VLFK QLFKW UHDOLVLHUWHQ HU
VFKHLQW 9RUVLFKW LQ GHU %HXUWHLOXQJ GLHVHU HUQHXW RSWLPLVWLVFKHQ (UZDUWXQJHQ DQJHEUDFKW ,Q
GHQOHW]WHQ-DKUHQ]HLJWHVLFKGDVVGLHhEHUZLQGXQJHLQHU+UGH]XPHLVWHLQHZHLWHUH+UGH




'HUJHJHQZlUWLJH)RUVFKXQJVVWDQGPDFKW GHXWOLFK GDVVHV ]ZLVFKHQYHUVFKLHGHQHQ=HOOHQ
*HZHEHQ RGHU2UJDQHQ8QWHUVFKLHGH KLQVLFKWOLFK LKUHU1XW]XQJ DOV ;HQRJUDIW JHEHQ GUIWH
)UPDQFKH2UJDQH+HU]XQG1LHUHQXQG=HOOHQ,QVHO]HOOHQLVWHLQHHUIROJUHLFKH;HQRWUDQV
SODQWDWLRQZDKUVFKHLQOLFKHUDOVIUDQGHUH/XQJH/HEHUHVHUVFKHLQWGHVZHJHQDQJH]HLJWLQ
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;HQRWUDQVSODQWDWLRQXQG*HQRPH(GLWLQJ 
GHU 'LVNXVVLRQ EHU GLH WHFKQLVFKH 0DFKEDUNHLW XQG PHGL]LQLVFKH 6LFKHUKHLW ]ZLVFKHQ YHU
VFKLHGHQHQ$QZHQGXQJVIlOOHQ]XXQWHUVFKHLGHQ













$N]HSWDQ] QLFKW YRP6WDQG GHU 7HFKQLN DEKlQJLJ 'LH+HUVWHOOXQJ YRQ JHQWHFKQLVFK YHUlQ
GHUWHQ6FKZHLQHQ GHUHQ+DOWXQJ LQ VSH]LILVFKSDWKRJHQIUHLHQ8PJHEXQJHQXQG7|WXQJ ]XU
*HZLQQXQJ YRQ 2UJDQHQ LVW MH QDFK ZHOWDQVFKDXOLFKHU 3RVLWLRQ XQSUREOHPDWLVFK ELV KLQ ]X
XQPRUDOLVFK *HQRPH (GLWLQJ KDW GLHVH JUXQGOHJHQGHQ VR]LDOHQ XQG HWKLVFKHQ )UDJHQ GHU
%HZHUWXQJQLFKWYHUlQGHUW;HQRWUDQVSODQWDWLRQZXUGHLQGHU9HUJDQJHQKHLWNULWLVFKGLVNXWLHUW
$XFKGLH6WLIWXQJ7$6:,66EH]LHKXQJVZHLVHGHUHQ9RUJlQJHULQVWLWXWLRQKDWVLFKGHP7KHPD
VRZRKO LP 5DKPHQ HLQHU ([SHUWLQQHQ XQG ([SHUWHQVWXGLH ]X ]HOOXOlUHU ;HQRWUDQVSODQWDWLRQ
+VLQJHWDODOVDXFKLP5DKPHQHLQHV3XEOL)RUXPV]XU7UDQVSODQWDWLRQVPHGL]LQJH
ZLGPHW =HQWUXP IU 7HFKQRORJLHIROJHQ$EVFKlW]XQJ  'HUDUWLJH XQG EUHLWHUH JHVHOO
VFKDIWOLFKH$XVHLQDQGHUVHW]XQJHQVFKHLQHQJUXQGVlW]OLFKNRQWLQXLHUOLFKQRWZHQGLJ]XVHLQXP
DXI HWZDLJH WHFKQRORJLVFKH (QWZLFNOXQJHQ DEHU LQVEHVRQGHUH JHVHOOVFKDIWOLFKH:DQGOXQJV















UHQ VRQGHUQ KlWWHQ ZRP|JOLFK SRVLWLYH $XVZLUNXQJHQ DXI GLH *HVXQGKHLW GHU %HY|ONHUXQJ
LQVJHVDPW
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 6RPDWLVFKH*HQWKHUDSLHXQG
*HQRPH(GLWLQJ
Helmut Hönigmayer, Milena Wuketich, Alexander Lang und Erich Griessler 
.XU]	NQDSS
x 9HUlQGHUXQJHQ LP (UEJXW N|QQHQ ]X 6W|UXQJHQ GHV 2UJDQLVPXV XQG .UDQNKHLWHQ IKUHQ 6RPDWLVFKH *HQ
WKHUDSLH]LHOW DXIHLQHJURVVH3DOHWWHXQWHUVFKLHGOLFKHU.UDQNKHLWHQGLHGXUFKGHUDUWLJH9HUlQGHUXQJHQKHUYRU
JHUXIHQZHUGHQ












SLH ]LHOW DXI GLH /LQGHUXQJGHV9HUODXIV RGHU GLH+HLOXQJGHUDUWLJHU(UNUDQNXQJHQDE'DEHL
ZHUGHQGLHIUHLQH6W|UXQJRGHU(UNUDQNXQJYHUDQWZRUWOLFKHQ*HQHLQGHQEHWURIIHQHQ=HOOHQ
PLWWHOV JHQWHFKQLVFKHU 9HUIDKUHQ JHlQGHUW 'XUFK GLHVH ©.RUUHNWXUª GHU (UELQIRUPDWLRQZLUG
HLQHEOLFKH)XQNWLRQGHU=HOOHQHWZDLQ%H]XJDXIGLH3URGXNWLRQYRQEHVWLPPWHQ3URWHLQHQ
KHUJHVWHOOW'DUEHUKLQDXVN|QQHQDQGHUH(UNUDQNXQJHQHWZD.UHEVGXUFKJH]LHOWHJHQHWL









NUDQNKHLWHQ ]Z|OI$UWHQ YRQ .UHEVHUNUDQNXQJHQ ]HKQ NDUGLRYDVNXOlUH (UNUDQNXQJHQ ]HKQ
)RUPHQYRQ$XJHQHUNUDQNXQJHQYLHU)RUPHQFKURQLVFKHU(QW]QGXQJHQVRZLHGUHL]HKQDQ
GHUH .UDQNKHLWHQ YRQ (UHNWLRQVVW|UXQJHQ ELV ]XU :XQGKHLOXQJ *LQQ $PD\D $OH[DQGHU
(GHOVWHLQ	$EHGL
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
'LH 0|JOLFKNHLW VRPDWLVFKHU *HQWKHUDSLH YRQ (UENUDQNKHLWHQ ZXUGH EHUHLWV LQ GHQ HU
-DKUHQGLVNXWLHUWXQGNRQ]HSWXDOLVLHUW'LHXUVSUQJOLFKHQ$QVlW]HVDKHQGLHXUVlFKOLFKH+HL




DQJHERUHQHQ VFKZHUHQ ,PPXQVFKZlFKHHUNUDQNXQJ 6&,' ZXUGHPLWWHOV UHWURYLUDOHU 9HNWR
UHQHLQ *HQWUDQVIHUDXWRORJHUJHQWHFKQLVFKPRGLIL]LHUWHU7=HOOHQGXUFKJHIKUW'LHVH%H










HLQ 3DWLHQW DQ0XOWLRUJDQYHUVDJHQ LQIROJH HLQHU H[SHULPHQWHOOHQ*HQWKHUDSLH VHLQHU JHQHWLVFK
EHGLQJWHQ6WRIIZHFKVHOHUNUDQNXQJ )R[  .XSDWW HW DO  ZXUGH HLQH ]XQlFKVW







0|JOLFKNHLWHQ GHU VRPDWLVFKHQ *HQWKHUDSLH JHVHW]W ZLUG GLH *HVDPWELODQ] GHU VRPDWLVFKHQ
*HQWKHUDSLHWURW]HLQ]HOQHU(UIROJHQFKWHUQHLQJHVFKlW]W'LH(UIROJHZHUGHQDOVXQYHUKlOWQLV






UDSLH XD IU HUEOLFK E]Z JHQHWLVFK EHGLQJWH (UNUDQNXQJHQ (O%HVKODZ\ 	 (O*KDPUDZ\
*HUPDQ0LWDOLSRY0LVKUD	.DXO-LDQJ;X	7VDQJ,QIHNWLRQVNUDQNKHLWHQ

 6FKZHUH NRPELQLHUWH ,PPXQGHIHNWH 6HYHUH FRPELQHG LPPXQR GHILFLHQF\ 6&,' VLQG DQJHERUHQ XQG WUHWHQ LQ
XQWHUVFKLHGOLFKHQ)RUPHQDXIGLHVLFKLQPDQJHOKDIWHQRGHUIHKOHQGHQ,PPXQDQWZRUWHQDXVGUFNHQ1RUPDOHUZHLVH
KDUPORVH ,QIHNWLRQHQ N|QQHQ GHVKDOE W|GOLFK YHUODXIHQ %HWURIIHQHPVVHQ XQWHU VWUHQJHU 4XDUDQWlQH OHEHQ 6&,'
NDQQXQWHUDQGHUHPGXUFKHLQHQYHUHUEWHQ$GHQRVLQ'HVDPLQDVH0DQJHO $'$0DQJHODXVJHO|VWZHUGHQ













QRWZHQGLJHUZHLVH IUHPGHV*HQPDWHULDO KLQ]XIJHQ ]XPVVHQ$XVVHUGHPZHUGHQ GLH (LQ












OHW]WHQ -DKUHQ XQG -DKU]HKQWHQ GLH HUIROJUHLFKH 5HDOLVLHUXQJ XQG :LUNVDPNHLW VRPDWLVFKHU
*HQWKHUDSLHXQWHUVWW]WKDEHQVWHOOHQVLFKLPPHUQRFKPHGL]LQLVFKHXQGWHFKQLVFKH+HUDXV
IRUGHUXQJLQGHU8PVHW]XQJVRPDWLVFKHU*HQWKHUDSLHGLHHV]XHU|UWHUQJLOW'DUEHUKLQDXV







x %HLGHUex vivo VRPDWLVFKHQ*HQWKHUDSLHZHUGHQGHQ3DWLHQWLQQHQXQG3DWLHQWHQ.|USHU]HOOHQHQWQRPPHQ LP
/DERUJHQHWLVFKYHUlQGHUW(in vitro)XQGZLHGHULQGHQ.|USHUHLQJHEUDFKW



















%HL GHUex vivo*HQWKHUDSLHZHUGHQ GHP.|USHU WKHUDSHXWLVFK UHOHYDQWH=HOOHQ HQWQRPPHQ
XQG LP/DERU (in vitro) YHUPHKUW'LH=HOOHQZHUGHQPLWJHQWHFKQLVFKHQ9HUIDKUHQYHUlQGHUW
GLHHUIROJUHLFKPRGLIL]LHUWHQDXVJHZlKOWYHUPHKUWXQG]XUFN LQGHQ.|USHUHLQJHEUDFKW)U
GLHVH 0HWKRGH VLQG =HOOHQ JHHLJQHW GLH UHODWLY SUREOHPORV HQWQRPPHQ ZHUGHQ N|QQHQ LP
















,Q GHU VRPDWLVFKHQ *HQWKHUDSLH PVVHQ *HQRPH (GLWLQJ6\VWHPH XQG JHJHEHQHQIDOOV
'1$9RUODJHQPLWWHOV9HNWRUHQLQGLH=HOONHUQHGHUJHZQVFKWHQ=HOOHQHLQJHVFKOHXVWZHUGHQ
VLHKH.DSLWHO$EVFKQLWW:HOFKH9HNWRUHQYHUZHQGHWZHUGHQKlQJWYRQGHQJHZlKO
WHQ$QVlW]HQex vivoRGHU in vivoXQGGHQ=LHO]HOOHQDE&RUQXHWDO'HU7UDQVSRUW
GHU*HQRPH(GLWLQJ6\VWHPH LQ GLH =HOOH VWHOOW QDFKZLH YRU HLQH ]HQWUDOH +HUDXVIRUGHUXQJ
VRPDWLVFKHU*HQWKHUDSLHGDU:DQJHWDO*HQRPH(GLWLQJ9HUIDKUHQEHQ|WLJHQJU|V
VHUH 7UDQVSRUWNDSD]LWlWHQ ZHOFKH PLW YLUDOHQ 9HNWRUHQ QXU VHOWHQ HUUHLFKW ZHUGHQ N|QQHQ
1LFKWYLUDOH9HNWRUHQVFKHLWHUQQDFKZLHYRURIWDQ LKUHUJHULQJHQ(IIL]LHQ]XQG LKUHUK|KHUHQ
7R[L]LWlW











%HLQLFKW LQWHJULHUHQGHQ9HNWRUHQJHKWGHU(IIHNWGHV*HQWUDQVIHUVPLWGHU=HLW YHUORUHQ YRU
DOOHP EHL VLFK VFKQHOO WHLOHQGHQ=HOOHQ 6LH VLQG GHVKDOE IU NXU]IULVWLJH7KHUDSLHQ JHHLJQHW
]%]XU%HKDQGOXQJYRQ.UDQNKHLWHQZRQDFKHLQHU+HLOXQJNHLQH:LUNXQJPHKUHUZQVFKW
LVW ]% ,PPXQWKHUDSLH EHL .UHEV RGHU IU .UDQNKHLWHQ GLH YRQ VLFK QLFKWPHKU WHLOHQGHQ
=HOOHQ ]% GHV =HQWUDOQHUYHQV\VWHPV DXVJHO|VW ZHUGHQ 'XQEDU HW DO  *UDXPDQQ
'DGLH:LUNXQJGHU*HQWKHUDSLHPLWGHU=HLWJHULQJHUZLUGXQGVFKOLHVVOLFKYHUVFKZLQ
GHWZXUGHGLHVRPDWLVFKH*HQWKHUDSLHPLWQLFKWLQWHJULHUHQGHQ9HNWRUHQODQJH=HLWDOVUHODWLY
XQSUREOHPDWLVFKDQJHVHKHQ$OOHUGLQJV NDQQHV DXFKGDEHL ]X HUKHEOLFKHQ1HEHQZLUNXQJHQ
NRPPHQHWZD]XDNXWEHUVFKLHVVHQGHQ,PPXQUHDNWLRQHQ.XSDWW+DOOHN	=LFK\=X
GHQ QLFKW LQWHJULHUHQGHQ YLUDOHQ 9HNWRUHQ ]lKOHQ $GHQRYLUHQ XQG DGHQRDVVR]LLHUWH 9LUHQ
$$9$GHQRYLUHQ YHUXUVDFKHQ LQ LKUHU XUVSUQJOLFKHQ )RUP EHLP 0HQVFKHQ KDXSWVlFKOLFK
$WHPZHJVLQIHNWLRQHQ/XJHUHWDO$$9VLQGLQGHUPHQVFKOLFKHQ3RSXODWLRQVWDUNYHU
EUHLWHWXQGGLH,QIHNWLRQHQYHUODXIHQV\PSWRPORVRGHUDUP(LQ1DFKWHLOYRQ$$99HNWRUHQLVW









 6LH VLQG LQ GHU /DJH HLQ &5,635&DV6\VWHP ]X WUDQVSRUWLHUHQ (OVQHU 	 %RKQH
:lKUHQG UHWURYLUDOH 9HNWRUHQ QXU UHSOL]LHUHQGH =HOOHQ LQIL]LHUHQ N|QQHQ *UDXPDQQ
.XSDWWHWDO/XJHUHWDO7KLHO	5|VVOHUHUP|JOLFKHQ/HQWLYLUHQGHQ
*HQWUDQVIHU DXFK LQ QLFKW UHSOL]LHUHQGH=HOOHQ ]%1HUYHQ]HOOHQ 6LH EUDFKWHQ )RUWVFKULWWH













WHPH HLQ HWZD YHUVFKLHGHQH$UWHQ YRQ 1DQRSDUWLNHOQ 3RO\HWK\OHQLPLQ 7ULFDOFLXPSKRVSKDW
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6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 
6RPDWLVFKH*HQWKHUDSLHQZHUGHQKHXWHEHUHLWVIUXQWHUVFKLHGOLFKH(UNUDQNXQJHQHLQJHVHW]W
'LHVH QXW]HQ MHGRFK HUVW LQ HLQ]HOQHQ )lOOHQ *HQRPH (GLWLQJ9HUIDKUHQ KLHU LQVEHVRQGHUH











OXQJ YRQVRPDWLVFKHU*HQWKHUDSLHHLQJHVHW]W'LHEHUHLWV OlQJHU YHUIJEDUHQ9HUIDKUHQ=)1
XQG7$/(1HUUHLFKWHQGLHNOLQLVFKH3KDVHQRFKYRU&5,635&RUQXHWDO0LWWOHUZHLOH
ZXUGHQDEHUDXFKEHUHLWVHUVWHNOLQLVFKH9HUVXFKHPLW&5,635&DVYRQGHQ5HJXOLHUXQJV
EHK|UGHQJHQHKPLJWXQGHLQJHOHLWHW 'XQEDUHWDO ,P-XQLZXUGHQ LQGHQ86$







GLH HUZQVFKWH 6WHOOH GHV EHWURIIHQHQ*HQV HLQJHEDXW ZHUGHQ N|QQHQ /XJHU HW DO 
$OOHUGLQJVJLEWHVDXFKHUVWH$Q]HLFKHQGDVVGLHVH3Ul]LVLRQQLFKW LQ MHGHP)DOOJHJHEHQLVW
XQG2II7DUJHW(IIHNWHDXIWUHWHQN|QQHQ.RVLFNLHWDO$XFKDQGHUH+HUDXVIRUGHUXQJHQ
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
7DE =XODVVXQJYRQVRPDWLVFKHQ*HQWKHUDSLHQLQGHU(8
0HGLNDPHQW =XODVVXQJ :LUNXQJVEHUHLFK 8QWHUQHKPHQ $UWGHV3URGXNWHV
=ROJHQVPD  6SLQDOH0XVNHODWURSKLH $YH[LV1RYDUWLV *HQWKHUDSLH
.\PULDK  /HXNlPLH/\PSKRPH 1RYDUWLV &$57=HOOWKHUDSLH
<HVFDUWD  /HXNlPLH/\PSKRPH .LWH3KDUPD &$57=HOOWKHUDSLH
/X[WXUQD  %OLQGKHLWGXUFK*HQ53( 6SDUN86
1RYDUWLV(8
*HQWKHUDSLH
6SLQUD]D  6SLQDOH0XVNHODWURSKLH %LRJHQ *HQWKHUDSLH
6WULPYHOLV  $'$±6&,' *6. 6WDPP]HOOHQWKHUDSLH
=DOPR[LV  /HXNlPLH 0RO0HG =HOOWKHUDSHXWLNXP
,PO\JLF  +DXWNUHEV $PJHQ =HOOWKHUDSHXWLNXP







$NWXHOO ZHUGHQ ODXIHQG QHXH7KHUDSLHQ ]XJHODVVHQ LQVEHVRQGHUH IU VHOWHQH (UNUDQNXQJHQ
E]Z IU (UNUDQNXQJHQ IU GLH NHLQH RGHU NDXP DQGHUH ZLUNXQJVYROOH 7KHUDSLHQ YHUIJEDU
VLQG'DUEHUKLQDXV IRNXVVLHUWGLHSUlNOLQLVFKH)RUVFKXQJHEHQVRDXI ,QIHNWLRQVNUDQNKHLWHQ









'1$6HTXHQ]HQ GLHPRQRJHQH(UNUDQNXQJHQ DXVO|VHQ ILQGHQ VLFK LQ DOOHQ=HOOHQ GHV2U
JDQLVPXV YHUXUVDFKHQ DEHUPHLVW QXU LQ EHVWLPPWHQ*HZHEHQ HLQH 6W|UXQJ (LQ]HOQHPR
QRJHQH (UNUDQNXQJHQ WUHWHQ VHKU VHOWHQ DXI LQ 6XPPH VLQG DEHU YLHOH 3HUVRQHQ YRQ YHU
VFKLHGHQHQPRQRJHQHQ(UNUDQNXQJHQEHWURIIHQ'LH)RUVFKXQJDQ7KHUDSLHQ IUPRQRJHQH
(UNUDQNXQJHQLVWIUGLH3KDUPDLQGXVWULHPLWXQWHUQLFKWLQWHUHVVDQWZHLOGLH$EVDW]PlUNWHNOHLQ
VLQG /XJHU HW DO  8QWHU 8PVWlQGHQ VFKDIIW DEHU GLH UHODWLY NODUH 8UVDFKH:LUNXQJV
%H]LHKXQJYRQPRQRJHQHQ.UDQNKHLWHQWURW]NOHLQHU3DWLHQWLQQHQXQG3DWLHQWHQSRSXODWLRQHQ
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6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 





















GRFKQRFK LQXQWHUVFKLHGOLFKHQ6WDGLHQ'LH IROJHQGH/LVWH LVWDOV$XVZDKODXVGHUHQRUPHQ
%DQGEUHLWHDQ)RUVFKXQJVXQG(QWZLFNOXQJVWlWLJNHLWVRZRKOin vitroDOVDXFKin vivoLQ+LQEOLFN
DXIVRPDWLVFKH*HQWKHUDSLH]XOHVHQ
x /DVNRZVNL HW DO  NRQQWHQ EHLP:LVNRWW$OGULFK6\QGURP :$6QDFKZHLVHQ GDVV





0HQVFKHQ XQWHU 1XW]XQJ YRQ $$9 HLQH 9HUEHVVHUXQJ GHU 6HKIXQNWLRQ HUUHLFKW ZHUGHQ
'XQEDUHWDO
x %HL]\VWLVFKHU)LEURVHOLHJHQHUVWH6WXGLHQYRUGLHVLFKPLWGHQ$QZHQGXQJVP|JOLFKNHLWHQ
YRQ XQWHUVFKLHGOLFKHQ *HQRPH (GLWLQJ6\VWHPHQ IU VRPDWLVFKH *HQWKHUDSLH EHVFKlI




WLVFKHU *HQWKHUDSLH EHUHLWV (UIROJH 0LW &5,635&DV NRQQWHQ in vitro LQ PHQVFKOLFKHQ
=HOOHQHWZDDOOHU0XWDWLRQHQGLH IUGLH'XFKHQQH0XVNHOG\VWURSKLHYHUDQWZRUWOLFK
VLQGDXVJHVFKDOWHWZHUGHQ2XVWHURXWHWDO(LQH]HQWUDOH+HUDXVIRUGHUXQJYRQ in 
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ



















x 6WXGLHQ ]XU+lPRSKLOLH% VLQG LPSUlNOLQLVFKHQ6WDGLXP 'XQEDU HW DO 6FKQHOOHU
/HH%DR	9HQGLWWL9HUVXFKHZXUGHQELVKHUDQ0lXVHQPLW=)1VZHOFKHLQ$$9
WUDQVSRUWLHUWZXUGHQYRUJHQRPPHQ












,Q YHUVFKLHGHQHQ 6WXGLHQ PLW VRJHQDQQWHQmdx0lXVHQ GLH EHU HLQH 3XQNWPXWDWLRQ YHUIJHQ ZHOFKHV ]X HLQHU
PLOGHQ )RUP YRQ 'XFKHQQH0XVNHOG\VWURSKLH IKUW NRQQWH PLW VRPDWLVFKHU *HQWKHUDSLH HLQH 9HUEHVVHUXQJ GHV
.UDQNKHLWVELOGHVHU]LHOWZHUGHQ
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6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 
x (LQZHLWHUHU9HUVXFKPLWHUZDFKVHQHQmdx0lXVHQXQGPLW in vivo &5,635&DV$SSOLNDWLRQHQLQ6NHOHWWXQG
+HU]PXVNXODWXU ]HLJWHHEHQIDOOVHLQHSDUWLHOOH6WHLJHUXQJGHU'\VWURSKLQ3URGXNWLRQXQG6WlUNXQJGHU0XVNHOQ
GHU9HUVXFKVWLHUH1HOVRQHWDO
x =KXHWDO KDEHQex vivo LQ0XVNHO6WDPP]HOOHQYRQmdx0lXVHQPLW&5,635&DVHLQH*HQNRUUHNWXU
KHUYRUJHUXIHQ XQG GLHVH=HOOHQGDUDXIKLQZLHGHU LQ GLH9HUVXFKVWLHUH WUDQVSODQWLHUW'LH WUDQVSODQWLHUWHQ =HOOHQ
KDEHQEHUHLQHQOlQJHUHQ=HLWUDXPHLQHHUK|KWH'\VWURSKLQ3URGXNWLRQJH]HLJW
x =KDQJ HW DO  KDEHQ9HUVXFKH DQ0lXVHQPLW HLQHU&5,6359DULDQWH &5,635&SI GLH .RUUHNWXU GHV
*HQV IDQG PLWWHOV +'5 VWDWW DQ mdx0lXVHQ GXUFKJHIKUW ,QIROJH GHVVHQ NRQQWH LQ GHQ 9HUVXFKVWLHUHQ LQ
YHUVFKLHGHQHQ7HLOHQGHU6NHOHWWPXVNXODWXULP*HKLUQXQGLP+HU]HQ'\VWURSKLQQDFKJHZLHVHQZHUGHQ
x 9RU.XU]HPNRUULJLHUWHQ0LQHWDOGLH0XWDWLRQGHV([RQZHOFKHVEHLUXQGGHU3DWLHQWLQQHQXQG




W\S VWlUNHUH .UDQNKHLWV]HLFKHQ GLH HKHU GHP EHLP 0HQVFKHQ lKQHOW 0LWWHOV &5,635&DV NRQQWH LQ HQW
VSUHFKHQGHQ'XFKHQQH+XQGHPRGHOOHQMHQDFK0XVNHOHLQHXQWHUVFKLHGOLFKVWDUNH:LHGHUKHUVWHOOXQJYRQ'\VWURSKLQ
JH]HLJWZHUGHQ±LQHLQHP9HUVXFKYRQELV]XLQHLQHUEHVWLPPWHQ0XVNHOJUXSSHLQHLQHPDQGHUHQ9HUVXFK




7LHUYHUVXFKHQ VWDWW GLH GXUFKDXV XPVWULWWHQ VLQG VLHKH ,QIRER[  DXI 6HLWH  9LHOH (U
NHQQWQLVVH ]XP(LQVDW] YRQ*HQRPH(GLWLQJ LP5DKPHQ VRPDWLVFKHU*HQWKHUDSLH EHUXKHQ
DXI9HUVXFKHQPLW7LHUPRGHOOHQGDVKHLVVW7LHUHQGLHEHUHLQHEHVWLPPWH]XWKHUDSLHUHQGH




XQG VFKZLHULJHU 6RPDWLVFKH *HQWKHUDSLH ZLUG EHL SRO\JHQHQ (UNUDQNXQJHQ ;LDR-LH +XL
<LQJ=XQ3LQJ-LQ/LDQ	/L-XDQ LQ7LHUH[SHULPHQWHQXQG7LHUPRGHOOHQEHUHLWVHLQ
JHVHW]W 0LWWHOV *HQRPH (GLWLQJ9HUIDKUHQ N|QQHQ EHLVSLHOVZHLVH QHXH 7LHUPRGHOOH IU GLH
(UIRUVFKXQJYRQ*UXQGODJHQXQG7KHUDSLHQQHXURGHJHQHUDWLYHU(UNUDQNXQJHQZLH3DUNLQVRQ
$O]KHLPHU RGHU+XQWLQJWRQ KHUJHVWHOOW ZHUGHQ$XVVHUGHPZLUGPLW in vitro XQG in vivo 7LHU
PRGHOOHQ]%PLW0lXVHQ6FKZHLQHQXQGQLFKWPHQVFKOLFKHQ3ULPDWHQDQGHU%HKDQGOXQJ
GLHVHU (UNUDQNXQJHQ PLW YHUVFKLHGHQHQ *HQRPH (GLWLQJ6\VWHPHQ JHDUEHLWHW )DQ HW DO





.UHEV VWHOOW ]XPHLVW DXFKHLQH SRO\JHQHE]ZPXOWLIDNWRULHOO YHUXUVDFKWH(UNUDQNXQJGDU GLHVHZLUG LP IROJHQGHQ
.DSLWHODXIJUXQGLKUHU3URPLQHQ]LQGHU)RUVFKXQJXQG$QZHQGXQJYRQ*HQRPH(GLWLQJJHVRQGHUWEHKDQGHOW




GHU  JHQHKPLJWHQ*HQWKHUDSLHYHUVXFKH DP0HQVFKHQ KDWWHQ GLHVHV =LHO 'DEHL VROOHQ



































WLRQHQ LP8PIHOG GHV 7XPRUV JHJHQ ,PPXQUHDNWLRQHQ GHV .|USHUV XQG VRPLW DXFK JHJHQ
&$57=HOOHQZHKUHQ9HUVFKLHGHQH$QVlW]HZHUGHQGHU]HLW LQSUlNOLQLVFKHQ9HUIDKUHQJH
WHVWHW HUVWH5HVXOWDWH OHJHQ GLH1RWZHQGLJNHLW NRPSOH[HUHU7XPRUHUNHQQXQJHQ QDKH'HQQ
DQVWDWWVLFKDXIGDV&'$QWLJHQZLHGLHVEHL%=HOO.UHEVDUWHQGHU)DOOLVW]XIRNXVVLHUHQ
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6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 










ZUGHQ GHQ(LQVDW] GLHVHU7KHUDSLHIRUP VFKQHOOHU XQG ELOOLJHUPDFKHQ'LH HUIROJUHLFKH%H
KDQGOXQJEHVWLPPWHU.UHEVDUWHQPLWWHOV&$57=HOO7KHUDSLH ELHWHW DXFKHLQH*UXQGODJH IU
]XNQIWLJH 7=HOOEDVLHUWH 7KHUDSLHQ YRQ$XWRLPPXQHUNUDQNXQJHQ RGHU$LGV 'XQEDU HW DO

 +,9$LGV
'DV KXPDQH ,PPXQGHIL]LHQ]YLUXV +,9LUXV UXIW GLH ,PPXQVFKZlFKHHUNUDQNXQJ $LGV $F
TXLUHG ,PPXQH 'HILFLHQF\ 6\QGURPH KHUYRU GLH XQEHKDQGHOW ]XP 7RG IKUW =ZDU JLEW HV
ZLUNVDPHDQWLUHWURYLUDOH7KHUDSLHQGLHGHQ$XVEUXFKYRQ$LGVXQWHUGUFNHQGLHVHIKUHQDEHU
QLFKW]XHLQHUYROOVWlQGLJHQ+HLOXQJGHU3DWLHQWLQQHQXQG3DWLHQWHQPVVHQGDXHUKDIWHLQJH
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ








EULQJXQJ LQ GLH JHZQVFKWH =HOOH PLWWHOV 9HNWRUHQ GDV )DVVXQJVYHUP|JHQ GHU 7UDQVSRUWV\VWHPH ,PPXQ
UHDNWLRQHQGHV.|USHUV2II7DUJHWXQG2Q7DUJHW(IIHNWHXQNODUH/DQJ]HLWXQG1HEHQZLUNXQJHQVRZLHGLH3UR













(GLWLQJ6\VWHPV LQ GLH =HOOH VWHOOW QRFK LPPHU HLQH ]HQWUDOH +HUDXVIRUGHUXQJ GDU 'LH
)lKLJNHLW '1$ RGHU *HQRPH (GLWLQJ6\VWHPH SUl]LVH LQ GLH JHZQVFKWHQ =HOOHQ ]X
WUDQVSRUWLHUHQXQWHUVFKHLGHWVLFK MHQDFK9HNWRUXQG$QZHQGXQJVIDOOXQG LVWQLFKW LPPHU
DXVUHLFKHQG JHJHEHQ &KDPEHUODLQ 	 &KDPEHUODLQ  'D GHU PHQVFKOLFKH .|USHU
ODXIHQG PLW 9LUHQ NRQIURQWLHUW ZLUG NDQQ HV LQ JHZLVVHQ )lOOHQ ]X HLQHU ,PPXQUHDNWLRQ
JHJHQGLHYLUDOHQ9HNWRUHQXQG]XGHUHQ,QDNWLYLHUXQJYRU(UUHLFKHQGHU=LHO]HOOHNRPPHQ
x )DVVXQJVYHUP|JHQ GHU 7UDQVSRUWV\VWHPH :lKUHQG EHL PDQFKHQ 7KHUDSLHIRUPHQ
NHLQHJURVVHQ0HQJHQDQ'1$HLQJHEUDFKWZHUGHQPVVHQZHUGHQIUGHQ7UDQVSRUWYRQ
&DV3ODVPLGHQJURVVH7UDQVSRUWV\VWHPHEHQ|WLJW*KRVKHWDO+;:DQJHWDO







'LHYRQ/DQJ	*ULHVVOHU .DSLWHO$EVFKQLWW LQGLHVHP%DQGHUOlXWHUWHQHUVWHQ(LQJULIIH LQGLHPHQVFKOLFKH
.HLPEDKQPLW&5,635&DVZXUGHQHEHQIDOOV]XU+HUVWHOOXQJYRQ+,95HVLVWHQ]YRUJHQRPPHQ
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6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 
x ,PPXQUHDNWLRQHQ XQG 7R[L]LWlW 8QHUZDUWHW DXIWUHWHQGH 1HEHQZLUNXQJHQ ,QVHUWLRQV
PXWDJHQHVH EHL 9HUZHQGXQJ UHWURYLUDOHU 9HNWRUHQ XQG ,PPXQWR[L]LWlW JHJHQ GLH
YHUZHQGHWHQ9HNWRUHQ.XSDWWHWDO0XUNHQHWDO7KLHO	5|VVOHUVLQG
P|JOLFKH 3UREOHPH GLH GDV /HEHQ YRQ 3DWLHQWLQQHQ XQG 3DWLHQWHQ JHIlKUGHQ RGHU GLH
:LUNXQJGHU7KHUDSLH YHUPLQGHUQ$XFK ,PPXQUHDNWLRQHQDXI GDV&DV3URWHLQ VLQGEHL
GHVVHQOlQJHUHU([SUHVVLRQLP.|USHUP|JOLFK&KDPEHUODLQ	&KDPEHUODLQ
x 2II7DUJHW(IIHNWH *HQHUHOO JLEW HV ]ZHL YHUVFKLHGHQH 7\SHQ YRQ 2II7DUJHW(IIHNWHQ




QRPH(GLWLQJ6\VWHPHQEHL in vitro=HOOH[SHULPHQWHQK|KHUDXVIDOOHQDOVEHL in vivo7LHU
YHUVXFKHQ;+=KDQJ7HH:DQJ+XDQJ	<DQJE.RVLFNLHWDO]HLJHQ
GDVVDXFK&5,635&DVVFKHLQEDUZHLWDXVJU|VVHUH7HLOHGHV*HQRPVYHUlQGHUWDOVDQ










WKHUDSLH HLQH DXVUHLFKHQGH 0HQJH DQ YLUDOHQ 9HNWRUHQ SURGX]LHUW ZHUGHQ N|QQWH $OV
$OWHUQDWLYHZHUGHQQLFKWYLUDOH9HNWRUHQGLVNXWLHUW)UGLHQlKHUH=XNXQIWZLUGQHEHQHLQHU
9HUEHVVHUXQJ QLFKW YLUDOHU 9HNWRUHQ GLH (UK|KXQJ GHU 3URGXNWLRQVNDSD]LWlWHQ YLUDOHU



































x ,P %HUHLFK GHU in vivo *HQWKHUDSLH JDE HV VLHEHQ NOLQLVFKH 6WXGLHQ GXUFKJHIKUW YRQ YHUVFKLHGHQHQ )LUPHQ
7UDQVJHQH 6DQRIL$YHQWLV YRQ 6WLIWXQJHQ RGHU 2UJDQLVDWLRQHQ (XURYDFF 7KHUDYDF RGHU YRQ 8QLYHUVLWlWHQ
XQG6SLWlOHUQLQ$DUDX%DVHO%HOOLQ]RQD%HUQ*HQI/DXVDQQHXQG=ULFK$QGLHVHQ6WXGLHQQDKPHQELV




x ,P%HUHLFKGHUex vivo*HQWKHUDSLHJDEHVELV ]XP-DKU]ZHL NOLQLVFKH6WXGLHQGHV.LQGHUVSLWDOV=ULFK
8QLYHUVLWlWV.LQGHUNOLQLN=ULFKXQGGHV8QLYHUVLWlWVVSLWDOV=ULFK'HUPDWRORJLH]XVDPPHQPLW8QWHUQHKPHQ
(V ZXUGH *UXQGODJHQIRUVFKXQJ LP %HUHLFK GHU FKURQLVFKHQ *UDQXORPDWRVH &*' EHWULHEHQ VRZLH DP
.LQGHUVSLWDO =ULFK LQ =XVDPPHQDUEHLW PLW GHP (XURSlLVFKHQ ,QVWLWXW IU )RUVFKXQJ XQG (QWZLFNOXQJ YRQ
7UDQVSODQWDWLRQVVWUDWHJLHQLQ'HXWVFKODQGHLQH7KHUDSLHEHWUHIIHQG&*'HQWZLFNHOW=XGHPZXUGHLQ)UDQNUHLFK
YRQ GHU )LUPD *HQRSRwpWLF HLQ 7XPRULPSIVWRII PLW JHQWHFKQLVFK YHUlQGHUWHQ 7XPRU]HOOHQ JHJHQ PDOLJQH
0HODQRPHHQWZLFNHOW(VJDEGDEHLQXUHLQH9HUVXFKVSHUVRQLP%HUHLFKGHU&'*,QWHUSHOODWLRQ
+HXWH ZHUGHQ GLH UHFKWOLFKHQ 5DKPHQEHGLQJXQJHQ XQG =XODVVXQJVSUR]HVVH DOV VWUHQJHU DOV LQ DQGHUHQ /lQGHUQ
EHVFKULHEHQ,QWHUYLHZ65XVFRQLGHQQRFKVLQGHLQLJHGHUIKUHQGHQ+HUVWHOOHUVRPDWLVFKHU*HQWKHUDSLHQVFKZHL]H
ULVFKH8QWHUQHKPHQ ]% 1RYDUWLV:LH LP %HULFKW YRQ  QDFK]XOHVHQ LVW GDV DNWLYH ,QWHUHVVH GHU VFKZHL]H
ULVFKHQ3ROLWLNPLWGHQ0LVVHUIROJHQ(QGHGHUHUXQG$QIDQJGHUHU-DKUHJHVFKZXQGHQ6HLWVHW]WHPLW
GHU (QWZLFNOXQJ YRQ 7$/(1 XQG ]XOHW]W &5,635&DV ZLHGHU HLQ YHUVWlUNWHV ,QWHUHVVH HLQ XQG GLH &KDQFHQ XQG
5LVLNHQYRQVRPDWLVFKHQ*HQWKHUDSLHQZXUGHQZLHGHU%HVWDQGWHLOGHUSROLWLVFKHQXQGJHVHOOVFKDIWOLFKHQ'HEDWWH












.HLPEDKQWKHUDSLH UHODWLYXQSUREOHPDWLVFKZHLO GHU(LQJULII DXI GLHEHKDQGHOWH3HUVRQVHOEVW
EHVFKUlQNW EOHLEW (LQ ]HQWUDOHV$UJXPHQW IU GLH (UIRUVFKXQJ XQG (QWZLFNOXQJ VRPDWLVFKHU











GHU:LVVHQVFKDIW GHU 8QWHUQHKPHQ XQG GHU0HGLHQ N|QQWH QHJDWLYH$XVZLUNXQJHQ DXI
3DWLHQWLQQHQXQG3DWLHQWHQKDEHQ
x 'LH)LQDQ]LHUXQJGHUDUWLJHU7KHUDSLHQ LVWPLWXQWHUQLFKW IUDOOH%HWURIIHQHQVLFKHUJHVWHOOW
VLHKHXQWHQ
x 'DV 9RUKDQGHQVHLQ YRQ 7KHUDSLHP|JOLFKNHLWHQ N|QQWH ]X HLQHU =XQDKPH YRQ PLWXQWHU
QLFKWQRWZHQGLJHQXQGSUREOHPDWLVFKHQ1HXJHERUHQHQ6FUHHQLQJVIUEHVWLPPWHZRP|J
OLFKHUVWVSlWHLQWUHWHQGHXQGQLFKWOHWDOH(UNUDQNXQJHQIKUHQ







YRQ XQG GHU JHULQJHQ =DKO DQ %HKDQGHOWHQ PLW *O\EHUD ZDU GDVV  GLH SURGX]LHUHQGH
3KDUPDILUPDYRQHLQHU9HUOlQJHUXQJGHU=XODVVXQJDEVDK
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
7DE.RVWHQDXVJHZlKOWHUVRPDWLVFKHU*HQWKHUDSLHQ
0HGLNDPHQW =XODVVXQJ .RVWHQ 4XHOOH
.\PULDK  FD¼ 7UDQVNULSW
<HVFDUWD  FD¼ &ODUNH	%HUNURW
/X[WXUQD  FD¼ %HUNURW
6SLQUD]D  FD¼ +LUVFKOHU












+LHU VROOHQ UHJHOPlVVLJH =DKOXQJHQ YRQVHLWHQ GHU .UDQNHQNDVVHQ ELV ]X HLQHP YRUZHJ
IHVWJHOHJWHQ %HWUDJ JHOHLVWHW ZHUGHQ 'LH GHILQLWLYH +|KH GHU =DKOXQJHQ RULHQWLHUW VLFK
VFKOXVVHQGOLFK DP WDWVlFKOLFKHQ (UIROJ GHU %HKDQGOXQJHQ %HL GLHVHP 0RGHOO ZlUH IU
8QWHUQHKPHQHLQHJHZLVVH3ODQEDUNHLWGHU(LQQDKPHQJHZlKUOHLVWHWZlKUHQGGLH.UDQ
NHQNDVVHQ GLH =DKOXQJHQ EHU HLQHQ OlQJHUHQ =HLWUDXP DXVZHLWHQ XQG GDV 5LVLNR GHV
7KHUDSLHHUIROJVHWZDVDEIHGHUQN|QQHQ
x (LQ0RGHOOGHU$XIZHUWXQJJHLVWLJHU(LJHQWXPVUHFKWHLQ)RUPYRQOlQJHUHQ3DWHQWHQRGHU
/L]HQVLHUXQJHQ VROO HLQHQ $QUHL] IU GLH 8QWHUQHKPHQ GDUVWHOOHQ YRQ LQLWLDOHQ KRKHQ
3UHLVHQDE]XVHKHQZHLOOlQJHUH(LQQDKPHSHULRGHQP|JOLFKVLQG











© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 
'LH %HXUWHLOXQJ GHU )UDJH QDFK HLQHU )LQDQ]LHUXQJ YRQ VRPDWLVFKHU*HQWKHUDSLH VWHKW LQ =X
VDPPHQKDQJ PLW HYHQWXHOO ODQJZLHULJHQ %HKDQGOXQJHQ RGHU JDU 3IOHJH XQG GHU 0|JOLFKNHLW
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
SHXWLVFKHQ0|JOLFKNHLWHQEHVWHKHQ*HQRPH(GLWLQJ9HUIDKUHQKDEHQGDV,QWHUHVVHDQVRPD
WLVFKHU*HQWKHUDSLH YHUVWlUNW 'DVV GLHVHV YHUVWlUNWH ,QWHUHVVH DQ VRPDWLVFKHU*HQWKHUDSLH
DXFKGLH*HIDKUEHU]RJHQHU(UZDUWXQJHQELHWHW]HLJWGHU%OLFNLQGLH9HUJDQJHQKHLW%HUHLWV
LQGHQHU-DKUHQZXUGHGLHVRPDWLVFKH*HQWKHUDSLHDOV+HLOXQJIU]XYRUXQKHLOEDUH(U
NUDQNXQJHQ JHVHKHQ HLQH +RIIQXQJ ZHOFKH ]ZLVFKHQ]HLWOLFK HQWWlXVFKW ZXUGH $XFK EHL
&5,635EHVWHKW GLHVH0|JOLFKNHLW GHU'LYHUJHQ] ]ZLVFKHQ(UZDUWXQJXQG5HDOLWlWZLH XQG
EHUZHOFKHQ=HLWUDXPGLH(QWZLFNOXQJOHW]WHQGOLFKDEODXIHQZLUGLVWNDXPVHUL|V]XSURJQRV
WL]LHUHQ
*HQRPH(GLWLQJ YHUVSULFKW QHXH0|JOLFKNHLWHQ GHV SUl]LVHUHQ XQG HIIL]LHQWHUHQ%HDUEHLWHQV
GHV*HQRPV$XFKZXUGHQHUVWH(UIROJHLQGHU%HKDQGOXQJYHUVFKLHGHQHU.UDQNKHLWHQHU]LHOW
0LW GHU (QWGHFNXQJ YRQ&5,635&DV NRQQWH HLQH =XQDKPH YRQ )RUVFKXQJVDNWLYLWlWHQ DXI
GHP*HELHWGHUVRPDWLVFKHQ*HQWKHUDSLHIHVWJHVWHOOWZHUGHQELVODQJKDEHQDEHUQXUHLQ]HOQH
ELVKHXWHGDVNOLQLVFKH6WDGLXPHUUHLFKW
(V ]HLJW VLFK GDVV EHNDQQWH 1HEHQZLUNXQJHQ VRPDWLVFKHU *HQWKHUDSLH DXFK EHL *HQRPH
(GLWLQJEHVWHKHQ'D]X]lKOHQLQVEHVRQGHUH1HEHQZLUNXQJHQGHUYHUZHQGHWHQ9HNWRUHQGLH
















.RPSURPLVV ]ZLVFKHQ GHP RIW OLPLWLHUWHQ %XGJHW GHU .DVVHQ HLQHUVHLWV XQG GHQ |NRQRPL
VFKHQ,QWHUHVVHQGHU8QWHUQHKPHQDQGHUHUVHLWV]XILQGHQXPHLQHQP|JOLFKVWEUHLWHQ=XJDQJ
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6RPDWLVFKH*HQWKHUDSLHXQG*HQRPH(GLWLQJ 
VFKHQ*HQWKHUDSLH]HLJHQVLFKYRUDOOHPEHLPRQRJHQHQ(UNUDQNXQJHQ ,P*HJHQVDW]GD]X
VLQG EHL YLHOHQ SRO\JHQHQ (UNUDQNXQJHQ 8UVDFKH XQG .DXVDOLWlWHQ QRFK QLFKW DXVUHLFKHQG
XQWHUVXFKW +LHU NDQQ&5,635 GXUFK VHLQH YHUJOHLFKVZHLVH NRVWHQJQVWLJH 9HUZHQGXQJ DOV
)RUVFKXQJVLQVWUXPHQWLQGHU*UXQGODJHQIRUVFKXQJ]XHLQHPEHVVHUHQ9HUVWlQGQLVEHLWUDJHQ
$XFKZHQQHLQHILQDOH%HXUWHLOXQJGHU0|JOLFKNHLWHQGHV*HQRPH(GLWLQJVIUGLHVRPDWLVFKH
*HQWKHUDSLH QRFK QLFKW P|JOLFK LVW VROOWHQ SRWHQ]LHOOH .RQWURYHUVHQ EHUHLWV KHXWH GLVNXWLHUW
ZHUGHQ'HVKDOELVWKLHUHLQH(LQEH]LHKXQJP|JOLFKVWEUHLWHU*HVHOOVFKDIWVEHUHLFKHUDWVDP
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 .HLPEDKQWKHUDSLHXQG*HQRPH(GLWLQJ





x .HLPEDKQWKHUDSLH YHUlQGHUW JH]LHOW GLH '1$ LQ GHQ .HLP]HOOHQ RGHU GHP (PEU\R 'LH JHQWHFKQLVFK KHUYRU






*HQHWLVFK EHGLQJWH .UDQNKHLWHQ ZHUGHQ GXUFK EHVWLPPWH *HQYDULDQWHQ KHUYRUJHUXIHQ 6LQG
GLH.HLP]HOOHQHLQHV0HQVFKHQGDYRQEHWURIIHQVRN|QQHQGLHVH LP=XJHGHU)RUWSIODQ]XQJ
DQ1DFKNRPPHQZHLWHUJHJHEHQZHUGHQ±PDQVSULFKWLQGLHVHP)DOOYRQ(UENUDQNKHLWHQ-H




VLQG YRQ HLQ]HOQHQ(UENUDQNKHLWHQ KlXILJ QXU UHODWLY ZHQLJH ,QGLYLGXHQ EHWURIIHQ LQ 6XPPH
OHLGHQ MHGRFK YLHOH 3HUVRQHQ DQ HLQHU VROFKHQ :RUOG +HDOWK 2UJDQL]DWLRQ D 5XQG
GHU1HXJHERUHQHQZHLVHQHLQHJHQHWLVFKEHGLQJWH(UNUDQNXQJDXIGLHVLFKELVLQV
/HEHQVMDKU PDQLIHVWLHUW GDEHL VLQG PXOWLIDNWRULHOO JHQHWLVFK PLWEHGLQJWH .UDQNKHLWHQ HLQJH
VFKORVVHQ9RQPRQRJHQHQ(UNUDQNXQJHQVLQGUXQGDOOHU1HXJHERUHQHQEHWURIIHQYRQ




PLWPLWXQWHU VFKPHU]KDIWHQ*HEUHFKHQ XQG(LQVFKUlQNXQJHQ HLQKHU GLH QXU V\PSWRPDWLVFK
EHKDQGHOW ZHUGHQ N|QQHQ EHLVSLHOVZHLVH GLH 6FKPHWWHUOLQJVNUDQNKHLW EHL GHU GLH +DXW GHU
%HWURIIHQHQ lXVVHUVW YHUOHW]OLFK LVW /DLPHU 3URGLQJHU 	 %DXHU  RGHU GLH 'X
FKHQQH0XVNHOG\VWURSKLH EHL GHU HLQ IRUWVFKUHLWHQGHU 0XVNHOVFKZXQG ]XQlFKVW ]X %HZH

*HVXQGKHLWXQG.UDQNKHLWVRZLHHEHQVR(UENUDQNKHLWHQRGHU%HKLQGHUXQJHQVLQGLPPHUDXFKVR]LDONRQVWUXLHUWXQG





SUDJPDWLVFKH=XVFKUHLEXQJ VROO QLFKW LPSOL]LHUHQ GDVV GLHPHGL]LQLVFKH6LFKW LPPHU DXFK GLH VXEMHNWLYH(UIDKUXQJ
DOOHU0HQVFKHQZLGHUVSLHJHOWVLHKH$EVFKQLWW









$OV .HLPEDKQ ZLUG GLH =HOOOLQLH EH]HLFKQHW GLH LQ GHU EHIUXFKWHWHQ (L]HOOH =\JRWH ]X .HLP]HOOHQ GHV 0HQVFKHQ
ZHUGHQ (L]HOOHQ 6SHUPLHQ ,Q GHU HPEU\RQDOHQ (QWZLFNOXQJ ZHUGHQ 8UNHLP]HOOHQ YRQ GHQ VRPDWLVFKHQ =HOOHQ
JHWUHQQW GLHVH 8UNHLP]HOOHQ GLIIHUHQ]LHUHQ VLFK VSlWHU LQ .HLP]HOOHQ DXV .HLP]HOOHQ EHLQKDOWHQ GLH YROOVWlQGLJH
JHQHWLVFKH ,QIRUPDWLRQGLHDQGLHQlFKVWH*HQHUDWLRQZHLWHUJHJHEHQZHUGHQNDQQ0OOHU	+DVVHO6±

-H QDFKGHP RE HLQ HLQ]HOQHV*HQ RGHU GDV =XVDPPHQVSLHO PHKUHUHU *HQH IU HLQH (UNUDQNXQJ XUVlFKOLFK VLQG
ZHUGHQ PRQRJHQH RGHU SRO\JHQH (UENUDQNKHLWHQ XQWHUVFKLHGHQ %HL DXWRVRPDOHQ (UNUDQNXQJHQ OLHJW GDV HQW
VSUHFKHQGH*HQDXI HLQHP$XWRVRP 1LFKW*HVFKOHFKWVFKURPRVRP EHL HLQHU JRQRVRPDOHQ(UNUDQNXQJDXI HLQHP
*RQRVRP*HVFKOHFKWVFKURPRVRPEHL/HW]WHUHQVLQGLQVEHVRQGHUH;FKURPRVRPDOH(UNUDQNXQJHQYRQ%HGHXWXQJ
'DUEHU KLQDXV JLEW HVPLWRFKRQGULDOH (UENUDQNKHLWHQ GLH QXU EHU GLH0XWWHU YHUHUEW ZHUGHQ 9LHOH (UNUDQNXQJHQ
HQWVWHKHQDXVHLQHP=XVDPPHQVSLHOYRQJHQHWLVFKHQ)DNWRUHQXQG8PZHOWHLQIOVVHQGLHJHQDXHQ=XVDPPHQKlQJH




6LH PDQLIHVWLHUHQ VLFK LP 3KlQRW\S IDOOV EHLGH &KURPRVRPHQ GLHVHOEH *HQPXWDWLRQ EHVLW]HQ KRPR]\JRW EHL










ERUYHUVXFKH PLW PHQVFKOLFKHQ (PEU\RQHQ ZXUGHQ XQWHU $QZHQGXQJ YRQ *HQRPH (GLWLQJ
9HUIDKUHQEHUHLWVGXUFKJHIKUW'LH9HUlQGHUXQJGHU.HLPEDKQYRQ7LHUHQZXUGHGHPJHJHQ




 6WDQG -DQXDU  (LQH$XVQDKPH VWHOOHQ NOLQLVFKH 9HUVXFKHPLW0LWRFKRQGULHQ(UVDW]WKHUDSLHQ GDU VLHKH$E
VFKQLWW














'LH Mukoviszidose RGHU zystische Fibrose LVW PLW HLQHP $XIWUHWHQ EHL HWZD HLQHU YRQ  /HEHQGJHEXUWHQ GLH
KlXILJVWH(UENUDQNKHLW LQGHU6FKZHL] .RUWHQHWDO 6LH LVWPRQRJHQGXUFKGLH0XWDWLRQHQGHV&)75*HQV
KHUYRUJHUXIHQ XQG ZLUG DXWRVRPDOUH]HVVLYH YHUHUEW %HLGH (OWHUQ PVVHQ IU GLH JHQHWLVFKH 0XWDWLRQ ]XPLQGHVW
KHWHUR]\JRWVHLQGDPLWHV]XHLQHU(UNUDQNXQJNRPPHQNDQQ0XNRYLV]LGRVHLVWHLQH6WRIIZHFKVHOHUNUDQNXQJEHLGHU
GLH %LOGXQJ YRQ'UVHQVHNUHWHQ QLFKW QRUPDO IXQNWLRQLHUW ZRGXUFK HV ]X 9HUVFKOHLPXQJHQ GHU$WHPZHJH XQG GHV
9HUGDXXQJVWUDNWHVNRPPW'LHVH IKUHQ]XYHUPHKUWHQ(UNUDQNXQJHQGHU$WHPZHJH6FKlGLJXQJHQGHU/XQJHXQG
9HUGDXXQJVVW|UXQJHQ'LH(UNUDQNXQJNDQQLPPHUEHVVHUEHKDQGHOWZHUGHQXQGGLH/HEHQVHUZDUWXQJKDWVLFKLQGHQ


























GXUFK HLQH GHUDUWLJH 9RUJDQJVZHLVH GLHVH 9HUHUEXQJ XQWHUEXQGHQ ZHUGHQ 'DV .LQGZUGH












DQDO\VLHUW ZHUGHQ :LVFKPDQQ  'LHVH 3UlLPSODQWDWLRQVGLDJQRVWLN 3,' NDQQ DXFK IU GLH ,GHQWLILNDWLRQ
JHQHWLVFKEHGLQJWHU(UNUDQNXQJHQHLQJHVHW]WZHUGHQXD IU0XNRYLV]LGRVH7KDODVVlPLHRGHU&KRUHD+XQWLQJWRQ
'LH GLDJQRVWLVFKHQ 0|JOLFKNHLWHQ KDEHQ VLFK LQ GHQ OHW]WHQ -DKUHQ GXUFK QHXH *HQ6HTXHQ]LHUXQJVWHFKQRORJLHQ
HUZHLWHUW /HH&KRZ<HXQJ	+R9RQGHQEOLFKHUZHLVHPHKUHUHQ LP/DERUHU]HXJWHQ(PEU\RQHQN|QQHQ
GDQQMHQHLQGLH*HElUPXWWHUHLQJHEUDFKWZHUGHQGLHQLFKWEHUGLHXQHUZQVFKWH*HQYDULDQWHYHUIJHQ
%HL 9RUOLHJHQ HLQHU 6FKZDQJHUVFKDIW N|QQHQPLWWHOV LQYDVLYHU XQG QLFKW LQYDVLYHU 9HUIDKUHQ GHU 3UlQDWDOGLDJQRVWLN
31' HEHQIDOOV GHU =XVWDQG XQWHUVFKLHGOLFKH&KDUDNWHULVWLND RGHU DXFK JHQHWLVFKH 3UlGLVSRVLWLRQHQ GHV (PEU\RV
HUNDQQWZHUGHQHWZDREHLQHHUK|KWH:DKUVFKHLQOLFKNHLWIU7ULVRPLHYRUOLHJW:lKUHQGGDQQEHLHLQLJHQ(UNUDQ
NXQJHQ *HEXUWVYRUNHKUXQJHQ JHWURIIHQ RGHU HUVWH 7KHUDSLHQ JHVWDUWHW ZHUGHQ N|QQHQ EHL DQGHUHQ QLFKW WKHUD
SLHUEDUHQJHQHWLVFKEHGLQJWHQ=XVWlQGHQRGHU(UNUDQNXQJHQQDFK %HUDWXQJGHU(OWHUQPLWXQWHU6FKZDQJHUVFKDIWV







,P =HQWUXP GHU 'HEDWWH UXQG XP .HLPEDKQWKHUDSLH VWHKHQ JHQWHFKQLVFKH (LQJULIIH LQ GHQ
(PEU\R LQHLQHP IUKHQ6WDGLXPGHU(QWZLFNOXQJ0LWWHOVNQVWOLFKHU%HIUXFKWXQJZUGHQ LP
/DERU(in vitro)(PEU\RQHQKHUJHVWHOOWZHUGHQGLHGDQQJHQWHFKQLVFKYHUlQGHUWZHUGHQN|QQ
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.HLPEDKQWKHUDSLHXQG*HQRPH(GLWLQJ 
WHQ %HLP(LQVDW] YRQ*HQRPH(GLWLQJZLUG GDV HQWVSUHFKHQGH*HQRPH(GLWLQJ6\VWHP ± LQ
9HUVXFKHQGHU]HLW]XPHLVW&5,635&DVXQGHLQH'1$9RUODJH±PLWWHOV0LNURLQMHNWLRQ LQGLH




























V\VWHPXQG GLH0XVNXODWXU EHWUHIIHQG VLQG QXU V\PSWRPDWLVFK EHKDQGHOEDU XQG QLFKW KHLOEDU
)DOOVQXUZHQLJH0XWDWLRQHQLQGHQ0LWRFKRQGULHQGHU0XWWHUYRUKDQGHQVLQGN|QQHQGLHVHEHL
LKUDV\PSWRPDWLVFKRGHUPLWJHULQJHQ6\PSWRPHQYHUEXQGHQVHLQ6LHN|QQHQDEHUWURW]GHPDQ





ZLUG 0LW 0LWRFKRQGULHQ(UVDW]WKHUDSLH VLQG ]XP 7HLO lKQOLFKH HWKLVFKH XQG VR]LDOH %HGHQNHQ










JHUHU 9HUJDQJHQKHLW LQVEHVRQGHUH HLQH *HVHW]HVlQGHUXQJ LQ *URVVEULWDQQLHQ IU $XIVHKHQ
JHVRUJWZXUGHGLH0LWRFKRQGULHQVSHQGHDOV7HLOYRQ,9)LP5DKPHQNOLQLVFKHU6WXGLHQ
OHJDOLVLHUW &DVWUR 'DUEHU KLQDXVZXUGH  GHU )DOO HLQHU86$PHULNDQHULQ SXEOL
]LHUWGLHVLFKLQ0H[LNRHLQHUVROFKHQ3UR]HGXUXQWHU]RJHQXQGHLQ.LQG]XU:HOWJHEUDFKWKDW
















OLFKH %HIUXFKWXQJ VLQG GHQQRFK ZHLWJHKHQG 7KHRULH 0LW GLHVHP$QVDW] ZlUHQ XPIDVVHQGH
0RGLILNDWLRQHQ GHU 6WDPP]HOOHQ XQG JHQHWLVFKH$QDO\VHQ P|JOLFK QRFK EHYRU HLQ (PEU\R
HU]HXJWZLUG*UHHQILHOGHWDO
 $QZHQGXQJVIlOOHGHU.HLPEDKQWKHUDSLH
.HLPEDKQHLQJULIIH N|QQWHQ IU XQWHUVFKLHGOLFKH=ZHFNHHLQJHVHW]WZHUGHQ*URE ODVVHQ VLFK
GLH 9HUKLQGHUXQJ GHV $XIWUHWHQV YRQ (UENUDQNKHLWHQ GLH 6WHLJHUXQJ RGHU +HUVWHOOXQJ GHU
)UXFKWEDUNHLW GHU (OWHUQ XQG GLH 9HUEHVVHUXQJ RGHU 2SWLPLHUXQJ GHVPHQVFKOLFKHQ .|USHUV
+XPDQ(QKDQFHPHQW LGHQWLIL]LHUHQ'LH*UHQ]H ]ZLVFKHQ WKHUDSHXWLVFKHQ XQG QLFKW WKHUD
SHXWLVFKHQ=LHOHQLVWQLFKWLPPHUNODU]X]LHKHQDXFKZHLOEHLGHU9HUlQGHUXQJGHU.HLPEDKQ
QRFKNHLQH3DWLHQWLQQHQXQG3DWLHQWHQLPHLJHQWOLFKHQ6LQQHYRUOLHJHQGLHDQHLQHU.UDQNKHLW








JDEH YRQ (UENUDQNKHLWHQ GDU ZREHL PRQRJHQH (UNUDQNXQJHQ DOV SULPlUHV (LQVDW]IHOG YRQ
.HLPEDKQHLQJULIIHQHUVFKHLQHQ%HLGLHVHQNDQQGDVYHUDQWZRUWOLFKH*HQNODU LGHQWLIL]LHUWXQG
GDQQHQWVSUHFKHQGYHUlQGHUWZHUGHQZRGXUFKGLH9HUHUEXQJXQGGDV$XIWUHWHQGHU.UDQNKHLW
XQWHUEXQGHQZHUGHQZUGH:HQLJHUZDKUVFKHLQOLFK DEHUSULQ]LSLHOOP|JOLFK LVW GHU(LQVDW]
YRQ.HLPEDKQWKHUDSLH ]XU 9HUKLQGHUXQJ YRQ SRO\JHQHQ RGHUPXOWLIDNWRULHOOHQ (UNUDQNXQJHQ. 
*HUDGHQHXHUH9HUIDKUHQGHV*HQRPH(GLWLQJVN|QQWHQGD]XQRWZHQGLJHPXOWLSOH9HUlQGH
UXQJHQLP*HQRPHLQIDFKHUDOV]XYRUJOHLFK]HLWLJKHUYRUUXIHQ'HQQRFK]ZDUZlFKVWGDV:LV
VHQ XP GHQ (LQIOXVV XQG GDV =XVDPPHQVSLHO YHUVFKLHGHQHU *HQH XQG8PZHOWIDNWRUHQ EH
VWlQGLJ DEHU GHU]HLWZLUG GLH.HLPEDKQWKHUDSLH EHL SRO\JHQHQ RGHUPXOWLIDNWRULHOOHQ(UNUDQ
NXQJHQDOVZHQLJHUUHDOLVWLVFKH$QZHQGXQJJHVHKHQZHQQJOHLFKGLHVODQJIULVWLJJUXQGVlW]OLFK
QLFKWDXV]XVFKOLHVVHQLVW*\QJHOO'RXJODV	6DYXOHVFX
-H QDFKGHP ZLH GLH HQWVSUHFKHQGHPRQRJHQH (UNUDQNXQJ YHUHUEW ZLUG ZUGH HLQH .HLP
EDKQWKHUDSLHHLQJHVHW]WZHUGHQRGHUHVVWQGHGLH$OWHUQDWLYHGHU3,']XU9HUIJXQJ9RUDXV
VHW]XQJIUEHLGHLVWGDVVGLHJHQHWLVFKH3UlGLVSRVLWLRQGHU(OWHUQEHNDQQWLVWEH]LHKXQJVZHL
VH GLHVH YRQ HLQHU EHNDQQWHQ JHQHWLVFK EHGLQJWHQ (UNUDQNXQJHQ EHWURIIHQ VLQG VLHKH$E






ODJXQJ RGHU GLH (UNUDQNXQJ YHUIJHQ 'LHVH (PEU\RQHQ N|QQHQ DXFK GHU]HLW VFKRQPLWWHOV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
GRPLQDQW YHUHUEEDUHQ (UNUDQNXQJHQ LVW GLH:DKUVFKHLQOLFKNHLW EHL HLQHP HUNUDQNWHQ (O
WHUQWHLO HUK|KW +LHU N|QQWHQ .HLPEDKQHLQJULIIH GLH$Q]DKO GHU ]XU 9HUIJXQJ VWHKHQGHQ
(PEU\RQHQHUK|KHQ+0DHWDO6



















)RUPHQ GHU 7UDQVORNDWLRQV7ULVRPLH  H[LVWLHUW HLQH JHQHWLVFKH 3UlGLVSRVLWLRQ DXIVHLWHQ GHU (OWHUQ :lKUHQG LQ
.|USHU]HOOHQQRUPDOHUZHLVH&KURPRVRPHQEH]LHKXQJVZHLVH&KURPRVRPHQ3DDUHYRUNRPPHQYHUIJHQ0HQ










WHU LP 'HWDLO EHVFKULHEHQ ZLUG VLHKH$EVFKQLWW  KDEHQ )RUVFKXQJVJUXSSHQ LP /DERU
EHUHLWVJDQ]H&KURPRVRPHPLWWHOV*HQRPH(GLWLQJ LQ0lXVHQXQGPHQVFKOLFKHQ L36=HOOHQ
JHO|VFKW$GLNXVXPD:LOOLDPV*UXW]QHU+XJKHV	7KRPDV=XRHWDO=XVlW]
OLFKH&KURPRVRPHQHWZDEHL7ULVRPLH N|QQWHQVRP|JOLFKHUZHLVH in vitro LQGHU=\JRWH
HQWIHUQWZHUGHQ
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.HLPEDKQWKHUDSLHXQG*HQRPH(GLWLQJ 












KDV)OD[PDQ%RHUPD9DQGHUSRHO	6WHYHQV 8QIUXFKWEDUNHLW LVW LQPDQFKHQ)lOOHQ
DXIJHQHWLVFKH8UVDFKHQ]XUFN]XIKUHQ0L\DPRWR0LQDVH2NDEH8HGD	6HQJRNX








1HEHQ GHU 9HUKLQGHUXQJ YRQ JHQHWLVFK EHGLQJWHQ (UNUDQNXQJHQ N|QQWHQ .HLPEDKQHLQJULIIH
HEHQIDOOV]XU3UlYHQWLRQYRQ,QIHNWLRQVNUDQNKHLWHQJHQXW]WZHUGHQ*\QJHOOHWDO'LHVH
1XW]XQJYRQ.HLPEDKQHLQJULIIHQNDQQ]ZLVFKHQ WKHUDSHXWLVFKHPXQGRSWLPLHUHQGHP(LQVDW]
DQJHVLHGHOWZHUGHQ0DQFKH*HQH EHZLUNHQ5HVLVWHQ]HQ JHJHQ(UNUDQNXQJHQ RGHU VFKZl
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
9HUEHVVHUXQJGHU/HLVWXQJVIlKLJNHLW+XPDQ(QKDQFHPHQW
$OVZHLWHUHU$QZHQGXQJVIDOO YRQ.HLPEDKQHLQJULIIHQZHUGHQSRWHQ]LHOOH QLFKW WKHUDSHXWLVFKH
$QZHQGXQJHQ NULWLVFK XQG NRQWURYHUV GLVNXWLHUW 'DV VRJHQDQQWH +XPDQ (QKDQFHPHQW GLH









GHU 5HSURGXNWLRQVPHGL]LQ YHUlQGHUW ZXUGHQ ,QWHOOLJHQ] RGHU N|USHUOLFKH /HLVWXQJVIlKLJNHLW
WUHWHQGDEHLEHLVSLHOVZHLVHDOV]XRSWLPLHUHQGH(LJHQVFKDIWHQLQ(UVFKHLQXQJ%HOOXFN
.HJHO/RVVDX0DOLN0LVVEUDXFKVSRWHQ]LDO LVWGDEHLDXFKYRQVWDDWOLFKHU
6HLWH DXV ]X GHQNHQ HWZDZHQQ DXWRULWlUH5HJLPHEHVWLPPWH ©EHY|ONHUXQJVYHUEHVVHUQGHª
(LQJULIIHIRUFLHUHQZUGHQ,QWHUYLHZ$5DXFK
6WDNHKROGHUSHUVSHNWLYH'LIIHUHQ]LHUWH%HWUDFKWXQJYRQ.HLPEDKQWKHUDSLH
'LH DP :RUNVKRS EHWHLOLJWHQ 6WDNHKROGHU SOlGLHUWHQ GDIU HLQH GLIIHUHQ]LHUWH %HWUDFKWXQJ YHUVFKLHGHQHU $Q
ZHQGXQJVIlOOHYRQ.HLPEDKQHLQJULIIHQ]XEHUFNVLFKWLJHQ6LHHUNOlUWHQGDVVHVHLQHQ8QWHUVFKLHGPDFKHRE.HLP
EDKQWKHUDSLH IU GLH 9HUKLQGHUXQJ YRQ VFKZHUHQ (UENUDQNKHLWHQ GLH JH]LHOWH +HUVWHOOXQJ HUZQVFKWHU JHQHWLVFKHU
9DULDQWHQ ]%*HVFKOHFKWVDXVZDKORGHUGLH9HUEHVVHUXQJGHU/HLVWXQJVIlKLJNHLWHLQJHVHW]WZHUGHQZUGH.HLP
EDKQHLQJULIIH LQVJHVDPW XQG XQGLIIHUHQ]LHUW ]X EHWUDFKWHQPDFKH DXV LKUHU3HUVSHNWLYH NHLQHQ6LQQ'LHVEH]JOLFK
YHUZLHVHQ VLH DXI GLH0LWRFKRQGULHQ(UVDW]WKHUDSLH GLH EHUHLWV KHXWH5HDOLWlW LVW XQGDOV.HLPEDKQHLQJULII JHVHKHQ
ZHUGHQ NDQQ $XVVHUGHP VWHOOH VLFK GLH )UDJH LQZLHIHUQ GXUFK 3,' XQG 6HOHNWLRQ YRQ (PEU\RQHQ lKQOLFKH
$XVZLUNXQJHQEHZLUNWZHUGHQN|QQWHQZLHPLW*HQRPH(GLWLQJIU.HLPEDKQHLQJULIIH
(LQLJH7HLOQHKPHQGHXQWHUVWULFKHQGDVVGLH%HGHXWXQJXQG%HXUWHLOXQJYRQ.HLPEDKQWKHUDSLH MHQDFK LQGLYLGXHOOHU
XQG VR]LDOHU 3HUVSHNWLYH XQWHUVFKLHGOLFK DXVIDOOHQ ZLUG 9RQ GLUHNW %HWURIIHQHQ ]% (OWHUQ PLW .LQGHUZXQVFK XQG
5LVLNR IU(UENUDQNKHLWZUGH VLHZRP|JOLFK DQGHUV EHXUWHLOW DOV YRQ1LFKWEHWURIIHQHQ2IIHQ EOHLEWZLHPLW GLHVHQ
XQWHUVFKLHGOLFKHQ3HUVSHNWLYHQJHVHOOVFKDIWOLFKXPJHJDQJHQZHUGHQNDQQ
'LHJHQWHFKQLVFKH2SWLPLHUXQJGHV0HQVFKHQZLUGMHGRFKYRQGHQDOOHUPHLVWHQ:LVVHQVFKDIW
OHULQQHQXQG:LVVHQVFKDIWOHUQDOVGHU]HLW XQG LQQDKHU=XNXQIW QLFKW UHDOLVLHUEDUDQJHVHKHQ
GLHPHLVWHQ N|USHUOLFKHQ0HUNPDOH EHUXKHQ DXI HLQHP KRFKNRPSOH[HQ =XVDPPHQVSLHO YHU
VFKLHGHQHU*HQHXQG8PZHOWIDNWRUHQGLHEHL:HLWHPQRFKQLFKWYHUVWDQGHQZHUGHQ'LH]X
NQIWLJH JUXQGVlW]OLFKH0|JOLFKNHLW GHUDUWLJHU YHUEHVVHUQGHU (LQJULIIHZLUG DEHU QLFKW DXVJH
VFKORVVHQ
















'LH PHGL]LQLVFKWHFKQLVFKHQ +HUDXVIRUGHUXQJHQ GHU $QZHQGXQJ YRQ *HQRPH (GLWLQJ IU







NRPPHQ GLH 6HTXHQ]PRWLYH GHU '1$ DQ ZHOFKH GLH *HQRPH (GLWLQJ6\VWHPH ELQGHQ DQ
XQWHUVFKLHGOLFKHQ6WHOOHQYRU,QH[SHULPHQWHOOHQ9HUVXFKHQPLW(PEU\RQHQZXUGHQEHUHLWV2II
7DUJHW(IIHNWH EHREDFKWHW VLHKH $EVFKQLWW  2II7DUJHW(IIHNWH LP =XJH YRQ .HLPEDKQ
WKHUDSLHVLQGLQVEHVRQGHUHDXV]ZHL*UQGHQIU6LFKHUKHLWVEHGHQNHQYHUDQWZRUWOLFK
,P=XJHGHV*HQRP(GLWLQJVGHU'1$YRQ.HLP]HOOHQJHKWHVGDUXP]XLGHQWLIL]LHUHQREXQG




GHQHQ 2II7DUJHW(IIHNWH PLW K|KHUHU :DKUVFKHLQOLFKNHLW DQJHQRPPHQ ZHUGHQ $EHU VHOEVW






KHUVHKEDU:lKUHQG QHXH JHQHWLVFKH 9DULDQWHQ DXFK LP 5DKPHQ GHU QDWUOLFKHQ )RUWSIODQ
]XQJDXIWUHWHQXQGPLWXQWHUNHLQH*HIDKUIUGLH*HVXQGKHLWGDUVWHOOHQVLQGJHQDXVRQHJDWLYH
$XVZLUNXQJHQDXIGHQ2UJDQLVPXVGHQNEDU2UPRQGHWDO














]XU0RVDLNELOGXQJ EHLWUDJHQ (LQ 9HUVXFK EHL GHU GLH +DOWEDUNHLWVGDXHU YRQ&DV UHGX]LHUW
ZXUGHKDWEHLHLQHP.HLPEDKQHLQJULII LQGLH=\JRWHHLQHVQLFKWPHQVFKOLFKHQ3ULPDWHQHLQH
5HGXNWLRQGHU0RVDLNELOGXQJJH]HLJW±ZDVHEHQMHQH7KHRULHVWW]W7XHWDO'DUEHU
KLQDXVZXUGHQ VSH]LILVFKH3URWHLQH $FU,,$$FU,,$ZHOFKH GLH )XQNWLRQ YRQ&DV XQWHU








QRUPDO HQWZLFNHOQ NDQQ N|QQHQ QLFKW DOOH =HOOHQ JHWHVWHW ZHUGHQ 1XIILHOG &RXQFLO RQ %LR
HWKLFV6±
0RVDLNELOGXQJZLUGYRQ)RUVFKXQJVWHDPVGLHPLW*HQRPH(GLWLQJDQPHQVFKOLFKHQ(PEU\R





QHQ 'RSSHOVWUDQJEUXFK KHUYRUUXIHQ NDQQ GLH 5HSDUDWXU GHV 'RSSHOVWUDQJEUXFKV DXI XQWHU
VFKLHGOLFKH$UWXQG:HLVHDEODXIHQXQG(UJHEQLVVHKHUYRUEULQJHQGLHQLFKW LQWHQGLHUWZDUHQ
:lKUHQGHVHWZDEHLP.QRFNRXWYRQ*HQHQGDUXPJHKWGLH)XQNWLRQHLQHV*HQV]XXQWHU
GUFNHQ ZDV DXFK GXUFK HLQH ZLOONUOLFKH ,QVHUWLRQ RGHU 'HOHWLRQPLWWHOV 1+(- JHVFKLHKW
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.HLPEDKQWKHUDSLHXQG*HQRPH(GLWLQJ 
(GLWLQJ9HUIDKUHQGLH5HSDUDWXUPLWWHOV+'5XQGHLQHUHQWVSUHFKHQGHQ9RUODJHIUGLH5HSDUD
WXU GHV 'RSSHOVWUDQJEUXFKV RGHU EHUKDXSW %DVH (GLWLQJ DQJHVWUHEW VLHKH ([SHULPHQWH LQ
$EVFKQLWW
'LH+HUDXVIRUGHUXQJEHL*HQRPH(GLWLQJLVWGDVVGLH5HSDUDWXUYRQ'RSSHOVWUDQJEUFKHQLQ
PHQVFKOLFKHQ=HOOHQ ]XPHLVWPLWWHOV IHKOHUDQIlOOLJHU1+(- DEOlXIWZHOFKH HEHQ DXFK XQYRU





9HUVXFKH KDEHQ GDUEHU KLQDXV JH]HLJW GDVV lKQOLFK ZLH EHL GHU 0RVDLNELOGXQJ LQML]LHUWH










VFKLHGOLFKHU *HQH DOV DXFK GHU (LQIOXVV YRQ 8PZHOWIDNWRUHQ VLQG PHLVW QRFK XQ]XUHLFKHQG
JHNOlUWVLHKHEHLVSLHOVZHLVH%RJGDQRYD+HOELJ	'|UN(VFRWW3ULFHHWDO
6WDNHKROGHUSHUVSHNWLYH:LVVHQVFKDIWOLFKH*UXQGODJHQIRUVFKXQJ]X.HLPEDKQWKHUDSLH
'HU 6WDNHKROGHU:RUNVKRS ]XU .HLPEDKQWKHUDSLH ]HLJWH VRZRKO .RQVHQV DOV DXFK 'LVVHQV KLQVLFKWOLFK GHU *UXQG
ODJHQIRUVFKXQJ]XU.HLPEDKQWKHUDSLH.RQVHQVEHVWDQGGDKLQJHKHQGGDVVGLHGHU]HLWLJH:LVVHQVODJH]XU*UXQG
ODJH YRQ JHQHWLVFKHQ XQGPXOWLIDNWRULHOOHQ (UNUDQNXQJHQ ]% DXFK KLQVLFKWOLFK HSLJHQHWLVFKHU (LQIOVVH QRFK XQ
JHQJHQGLVWXP.HLPEDKQHLQJULIIHXP]XVHW]HQ
'LH0HLQXQJHQJLQJHQ LQGHU'LVNXVVLRQ LQ%H]XJDXIGDV7KHPDYHUEUDXFKHQGH(PEU\RQHQIRUVFKXQJ MHGRFKDXV
HLQDQGHU$XIGHUHLQHQ6HLWHZXUGHGLHVH)RUVFKXQJDOVQRWZHQGLJHUDFKWHWXPZLVVHQVFKDIWOLFKZHWWEHZHUEVIlKLJ]X
EOHLEHQ $XVVHUGHP N|QQH QXU VR GDV QRWZHQGLJH :LVVHQ DOV %DVLV IU HLQH VHUL|VH %HXUWHLOXQJ YRQ .HLPEDKQ
HLQJULIIHQ JHVFKDIIHQ ZHUGHQ$XI GHU DQGHUHQ 6HLWH ZXUGH GDV LQ GHU 6FKZHL] EHVWHKHQGH 9HUERW DOV QRWZHQGLJH
6FKXW]PDVVQDKPHJHJHQGLH$XVEHXWXQJYRQ)UDXHQXQGJHJHQ(PEU\RQHQKDQGHOJHVHKHQ
'DUEHU KLQDXV VWHOOH VLFK GLH )UDJH QDFK GHP 6FKLFNVDO YRQ 9HUVXFKVWLHUHQ GLH IU GLHVH$UW GHU )RUVFKXQJ JH
]FKWHW JHQHWLVFK YHUlQGHUW XQG OHW]WHQGOLFK JHW|WHW ZUGHQ 'LH HWKLVFKH %HXUWHLOXQJ YRQ 7LHUYHUVXFKHQ GHUHQ
/HJLWLPLWlWXQG1W]OLFKNHLWZXUGHQLQGHU6WDNHKROGHUJUXSSHXQWHUVFKLHGOLFKJHVHKHQ





9HUVWlQGQLV IU GLH =XVDPPHQKlQJH ]ZLVFKHQ *HQHQ YRU GHP +LQWHUJUXQG GHV JHVDPWHQ





JLVFKHYROXWLRQlUHU 9RUWHLO DXFK ZHQQ VLFK GLHVH LQ PDQFKHQ )lOOHQ LQ (UNUDQNXQJHQ RGHU
%HKLQGHUXQJHQDXVGUFNW'HU]HLWLVWQLFKWDE]XVHKHQREHLQHEHVWLPPWHJHQHWLVFKH9DULDQWH






VFKHU0DVVQDKPHQDOV YHUKlOWQLVPlVVLJ JHULQJ DQVHKHQ XQG NHLQH*HIDKU IU GLH'LYHUVLWlW
GHVPHQVFKOLFKHQ(UEJXWV LGHQWLIL]LHUHQ *RUGRQ/XQVKRIlXVVHUQDQGHUHJUD
YLHUHQGHUH %HGHQNHQ XQG VHKHQ GDV JHQHWLVFKH (UEH GHU 0HQVFKKHLW LQVJHVDPW LQ *HIDKU




VWlQGLJ LQ3RSXODWLRQHQHQWIHUQWZUGHQ*OHLFK]HLWLJ VLQGGHU1XW]HQ GLH9HUKLQGHUXQJ YRQ
.UDQNKHLWHQXQGGLHSRWHQ]LHOOHQQHJDWLYHQ(IIHNWH5HGXNWLRQYRQ'LYHUVLWlWJHJHQHLQDQGHU
DE]XZlJHQ




$FWLQLQ  $&71 ZHOFKHVPLW HUK|KWHU VSRUWOLFKHU /HLVWXQJVIlKLJNHLW LQ EHVWLPPWHQ %HUHL
FKHQLQ9HUELQGXQJJHEUDFKWZLUG-HQDFK$XVSUlJXQJGHV*HQVVLQGGLH0XVNHOIDVHUQXQWHU
VFKLHGOLFKHQWZLFNHOWXQGN|QQHQDQGHUH$UWHQYRQ/HLVWXQJEHVVHUHUEULQJHQHWZD$XVGDXHU
RGHU .UDIW 3DSDGLPLWULRX HW DO  :H\HUVWUD 6WHZDUW :HVVHOLXV 	 =HHJHUV 
1<DQJ HW DO 'LH ,GHQWLILNDWLRQ GHV%HLWUDJV GHUDUWLJHU*HQH LVW MHGRFK KlXILJ QLFKW
HLQZDQGIUHL P|JOLFK EH]LHKXQJVZHLVH LVW GDV NRPSOH[H =XVDPPHQVSLHO PLW 8PZHOWIDNWRUHQ
YRQ%HGHXWXQJ*:DQJHWDO=ZDUZHUGHQDXFKKHXWHVFKRQ*HQWHVWVGLH$XVVDJHQ
EHUGLHVSRUWOLFKH/HLVWXQJVIlKLJNHLWEDVLHUHQGDXIGHU$QDO\VHGHUDUWLJHU*HQHOLHIHUQGLUHNW
DQ .RQVXPHQWLQQHQ XQG .RQVXPHQWHQ YHUNDXIW GHUHQ $XVVDJHNUDIW MHGRFK DOV ©SUDNWLVFK
EHGHXWXQJVORVªHLQJHVWXIWZHLOGLHWDWVlFKOLFKHQ$XVZLUNXQJHQGLHVHU*HQHLQVJHVDPWJHULQJ
VLQG:HEERUQHWDO




VLQG KDW LQ MHGHP)DOO ]XU9RUDXVVHW]XQJ GDVVEHUKDXSW HLQHUK|KWHV5LVLNR IU HLQH(UE




GDYRQ 'LH .HLPEDKQWKHUDSLH ZUGH LQ GLHVHQ )lOOHQ ZDKUVFKHLQOLFK QLFKW ]XU $QZHQGXQJ
NRPPHQN|QQHQ±DXVVHUEHLJHQHWLVFKHU$QDO\VHRKQH,QGLNDWLRQ$XFKEHLDXWRVRPDOGRPL
QDQW YHUHUEWHQ(UNUDQNXQJHQ YRU DOOHPVROFKH GLH VLFKHUVWZHLW QDFKGHU*HVFKOHFKWVUHLIH
PDQLIHVWLHUHQZLH&KRUHD+XQWLQJWRQN|QQHQ.LQGHUEHUHLWVJH]HXJWXQGJHERUHQVHLQEHYRU
EHUKDXSW HLQH (UENUDQNKHLW GLDJQRVWL]LHUW ZLUG ± HWZD EHL XQEHNDQQWHU )DPLOLHQJHVFKLFKWH
*UXQGVlW]OLFKVWHOOWVLFKGLH)UDJHREHLQH9HUEHVVHUXQJXQGZHLWHUH9HUEUHLWXQJJHQHWLVFKHU
$QDO\VHQRKQH,QGLNDWLRQGLHHWZDGLUHNWDQ9HUEUDXFKHULQQHQXQG9HUEUDXFKHUJHULFKWHWVLQG



















x 1HJDWLYH $XVZLUNXQJHQ YRQ .HLPEDKQHLQJULIIHQ DXI 0HQVFKHQ PLW EHVWLPPWHQ (UNUDQNXQJHQ RGHU %HKLQGH
UXQJHQZHUGHQEHIUFKWHWVR]LDOH8QJOHLFKKHLW'LVNULPLQLHUXQJ









VR]LDOH$VSHNWH GHU.HLPEDKQWKHUDSLH HLQJHJDQJHQ GLH IU GLH DEVFKOLHVVHQGH%HWUDFKWXQJ
GHVYRUOLHJHQGHQ.DSLWHOVUHOHYDQWVLQG
(LQ]HQWUDOHUHWKLVFKHU$VSHNW LQGHU'HEDWWH UXQGXPGLH.HLPEDKQWKHUDSLH LVWGHUHQ1DKH










VWUHEXQJHQ GDV NROOHNWLYH (UEJXW YRQ *HVHOOVFKDIWHQ GXUFK HXJHQLVFKH 0DVVQDKPHQ DNWLY ]X ©YHUEHVVHUQª 0LW
HXJHQLVFKHQ$UJXPHQWHQZXUGHQ0DVVQDKPHQZLH+HLUDWVYHUERWH=ZDQJVVWHULOLVDWLRQXQGGLH(UPRUGXQJXQG0DV
VHQYHUQLFKWXQJYRQDOVXQHUZQVFKWJHEUDQGPDUNWH%HY|ONHUXQJVJUXSSHQEHJUQGHW'LHQDWLRQDOVR]LDOLVWLVFKH5DV
VHQK\JLHQH LP 'ULWWHQ 5HLFK VWHOOWH VLFKHUOLFK GHQ YHUDEVFKHXXQJVZUGLJHQ 7LHISXQNW GLHVHU %HVWUHEXQJHQ GDU



















OLFKH*HK|UORVLJNHLW RGHU'RZQV\QGURPZHUGHQ YRQ$QJHK|ULJHQ%HWURIIHQHQRGHU DQGHUHQ












PHKU JHOHEWH 1RUPDOLWlW GLH QLFKW PLW HLQHU ZDKUJHQRPPHQHQ (LQVFKUlQNXQJ YRQ /HEHQV
TXDOLWlW HLQKHUJHKW 6FKUDPPH  $XFK LQ %H]XJ DXI 3UlLPSODQWDWLRQVVFUHHQLQJV RGHU
3UlQDWDOGLDJQRVWLN EHVWHKHQ %HIUFKWXQJHQ GDVV VLFK GLH JHVHOOVFKDIWOLFKH %HXUWHLOXQJ YRQ
0HQVFKHQPLW%HKLQGHUXQJRGHUJHQHWLVFKEHGLQJWHQ(UNUDQNXQJHQGXUFKGLHVH0|JOLFKNHLW
GHU9HUKLQGHUXQJGHU:HLWHUJDEHEHVWLPPWHU*HQHYHUVFKOHFKWHUQZLUG :LVFKPDQQ
6  (V ZLUG EHIUFKWHW GDVV VLFK GLH VR]LDOH 8QJOHLFKKHLW ]ZLVFKHQ GHQHQ GLH NHLQH
(UNUDQNXQJ KDEHQ RGHU GHUHQ (UNUDQNXQJ GXUFK .HLPEDKQWKHUDSLH YHUKLQGHUW ZXUGH XQG













GDPLW DOV =LHO YRQ .HLPEDKQHLQJULIIHQ GHILQLHUW ZHUGHQ GLH *HIDKU GHU 'LVNULPLQLHUXQJ YRQ EHVWLPPWHQ 3HUVRQHQ
JUXSSHQHWZD0HQVFKHQPLW%HKLQGHUXQJHQ$XFKGDV5LVLNRGHU(XJHQLNZXUGH LGHQWLIL]LHUW'HVKDOEPVVH IDOOV












]LSLHOOHQ ,OOHJLWLPLWlWGHVJHQWHFKQLVFKHQ(LQJULIIV LQGLH1DWXURGHU LQGLHJ|WWOLFKH6FK|SIXQJ
%D\OLV	5REHUW1XIILHOG&RXQFLORQ%LRHWKLFV6±
0DQFKH :LVVHQVFKDIWOHULQQHQ XQG :LVVHQVFKDIWOHU ZHLVHQ DXI HLQ SUDNWLVFKHV 3UREOHP GHU

















/DERUYHUVXFKH ]X.HLPEDKQHLQJULIIHQPLWPHQVFKOLFKHQ(PEU\RQHQ ILQGHQ GHU]HLW YRU DOOHP LQ&KLQD XQG GHQ
86$VWDWW
x ([SHULPHQWH PLW PHQVFKOLFKHQ (PEU\RQHQ ]HLJWHQ GDVV JH]LHOWH .HLPEDKQHLQJULIIH PLW &5,635&DV QXU LQ
ZHQLJHQ )lOOHQ GLH HUZQVFKWHQ 9HUlQGHUXQJHQ GHU '1$ HUEULQJHQ $XVVHUGHP ]HLJWHQ VLFK XQHUZQVFKWH
1HEHQZLUNXQJHQZLH2IIXQG2Q7DUJHW(IIHNWHRGHU0RVDLNELOGXQJ
x 9HUVXFKHPLW%DVH(GLWLQJ]HLJHQHLQHK|KHUH(IIL]LHQ]LQGHU*HQ(GLWLHUXQJXQGJHULQJHUH1HEHQZLUNXQJHQ
x (QGH  ZXUGH GHU HUVWH (LQJULII LQ GLH PHQVFKOLFKH .HLPEDKQ EHNDQQW JHJHEHQ 'LHVHU (LQJULII KDWWH GLH
(U]HXJXQJYRQ+,95HVLVWHQ]]XP=LHO
.HLPEDKQHLQJULIIH DP0HQVFKHQ VLQG ]ZDU QLFKW HUVW VHLW GHU (QWZLFNOXQJ QHXHUHU*HQRPH
(GLWLQJ9HUIDKUHQ7KHPDPHGL]LQLVFKHUXQGHWKLVFKHU'HEDWWHQMHGRFKLVWGXUFK*HQRPH(GL
WLQJLKUH8PVHW]XQJDXVGHP%HUHLFKGHU7KHRULHKHUDXVJHWUHWHQXQGSUDNWLVFKHWZDVQlKHU





YHUVXFKHQ ZXUGHQ DXFK (LQJULIIH JHWHVWHW GLH GLH 3UlYHQWLRQ YRQ (UENUDQNKHLWHQ GLH EHLP
0HQVFKHQYRUNRPPHQ]XP=LHOKDWWHQ'XUFK&5,635&DVZXUGHHWZDLQ0lXVHQGDV*HQ

























LVW GLH 1XW]XQJ YRQ HPEU\RQDOHQ 6WDPP]HOOHQ DXV EHU]lKOLJHQ (PEU\RQHQ XQWHU EHVWLPPWHQ %HGLQJXQJHQ IU
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
'HU 9HUVXFK ]HLJWH GDVVPLWWHOV &5,635&DV HLQ 'RSSHOVWUDQJEUXFK DQ GHU JHZQVFKWHQ
6WHOOHGHUHPEU\RQDOHQ'1$KHUYRUJHUXIHQZHUGHQNDQQZREHLUXQGGHU(PEU\RQHQ
LQGLH&5,635&DV6\VWHPHHLQJHEUDFKWZXUGHQQDFK6WXQGHQPRUSKRORJLVFKXQDXIIlOOLJ
ZDUHQ 9RQ DOOHQ EHKDQGHOWHQ (PEU\RQHQ ZLHVHQ UXQG  HLQH (GLWLHUXQJ GXUFK
&5,635&DVDXI'LH(GLWLHUXQJVYRUJlQJHOLHIHQYRUZLHJHQGPLWWHOV1+(-DEUXQG
GDV KHLVVW GLH DXVHLQDQGHUJHEURFKHQHQ (QGHQ GHU '1$ ZXUGHQ GXUFK ]HOOLQWHUQH 5HSDUD
WXUPHFKDQLVPHQZLHGHU]XVDPPHQJHIKUW%HLGHUHGLWLHUWHQ(PEU\RQHQOLHIGHU5HSDUD










GHUXQJ KHUYRUJHUXIHQ 5XQG  GHU (PEU\RQHQ ZDUHQ QDFK GHU ,QMHNWLRQ EHUKDXSW
QLFKWPHKUEHUOHEHQVIlKLJ
x (VZXUGHQ2II7DUJHW(IIHNWH LQGHU'1$QDFKJHZLHVHQZREHLGLH3Ul]LVLRQ MHQDFKYHU
ZHQGHWHU VJ51$XQWHUVFKLHGOLFK KRFKZDU'LH)RUVFKXQJVJUXSSHEHULFKWHW GDYRQ GDVV
QXUHLQEHVWLPPWHU7HLOGHV*HQRPV]XUhEHUSUIXQJYRQ2II7DUJHW(IIHNWHQVHTXHQ]LHUW





]LHOJHULFKWHW HQWODQJ GHV HLQJHEUDFKWHQ7HPSODWHV YHUlQGHUWZRUGHQ$EHU HV LVW JHUDGH
GLH+'5GLHIUGLHVH.RUUHNWXUYRQ0XWDWLRQHQEHQ|WLJWZLUG
x $XFK ZHQQ HUZQVFKWH 9HUlQGHUXQJHQPLWWHOV +'5 HLQWUDWHQ ZXUGH0RVDLNELOGXQJ EH
REDFKWHW6RJDUGLH7HVWXQJGHU(PEU\RQHQPLWWHOV3,'YRUGHP(LQVHW]HQLQGLH*HElU
PXWWHU N|QQWH VRPLW XQ]XUHLFKHQG RGHU IHKOHUKDIWH JHQHWLVFKH 9HUlQGHUXQJHQ GHU '1$
QLFKWDXVVFKOLHVVHQVRGLH)RUVFKXQJVJUXSSH3/LDQJHWDO6
8QJHDFKWHWDOOGLHVHU(LQVFKUlQNXQJHQJLOWGHU9HUVXFKYRQ/LDQJHWDODOVSULQ]LSLHOOHU0DFK


























HUIROJUHLFK PRGLIL]LHUWHQ (PEU\R ZXUGH GDV JHVDPWH *HQRP VHTXHQ]LHUW ZREHL NHLQ NODUHU
1DFKZHLV YRQ 2II7DUJHW(IIHNWHQ JHIXQGHQ ZXUGH 1LFKWVGHVWRWURW] VFKOLHVVW GDV )RU
VFKXQJVWHDPGLHGHU]HLWLJHNOLQLVFKH$QZHQGXQJYRQ*HQRPH(GLWLQJDOV7HLOGHU5HSURGXN
















(GLWLQJZLUGGDUEHU KLQDXV LQ9HUVXFKHQ IU GLH$XVVFKDOWXQJJDQ]HU&KURPRVRPHQHLQJH
VHW]W )RUVFKXQJVJUXSSHQ KDEHQ9HUVXFKH GXUFKJHIKUWPLWWHOV*HQRPH(GLWLQJ ]XVlW]OLFKH
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
0RVDLNELOGXQJDXI'DVJH]LHOWH$XVVFKDOWHQYRQ&KURPRVRPHQZLUGYRQGHQ)RUVFKHULQQHQ





%DVH (GLWLQJ VLHKH $EVFKQLWW  H[SHULPHQWLHUW 'DV &5,635&DV6\VWHP NDQQ GHUDUW

















0LWWH  YHU|IIHQWOLFKWHHLQH)RUVFKXQJVJUXSSHHLQHQ)DFKDUWLNHO GHU GLH$QZHQGXQJYRQ
%DVH(GLWLQJDQOHEHQVIlKLJHQ(PEU\RQHQ]XU.RUUHNWXUHLQHU0XWDWLRQGHV*HQV)%1ZHO
FKHVGDV0DUIDQ6\QGURPKHUYRUUXIW QXW]WH'D]XPXVVWH LQQHUKDOEGHVKHWHUR]\JRW DXIWUH
WHQGHQ*HQVQXUHLQH1XNOHLQEDVHNRQYHUWLHUWZHUGHQ$OOHVLHEHQPLW%DVH(GLWLQJEHKDQGHO
WHQ =\JRWHQ ZLHVHQ GLH HQWVSUHFKHQGH HUZQVFKWH 0RGLILNDWLRQ GHV *HQV DXI HLQ (PEU\R
GDUEHU KLQDXV HLQH ZHLWHUH XQHUZQVFKWH (GLWLHUXQJ ,Q PLW GHP JOHLFKHQ %DVH (GLWLQJ
6\VWHPEHKDQGHOWHQPHQVFKOLFKHQ=HOOHQ]HLJWHVLFKLQGHU=HOOHQHLQH(GLWLHUXQJZRYRQ
GLHHUZQVFKWH0RGLILNDWLRQDXIZLHVHQXQGHLQHXQHUZQVFKWH9RUGLHVHP+LQWHU












x 'LH 3UlLPSODQWDWLRQVGLDJQRVWLN 3,' ZLUG GHU]HLW DOV QRWZHQGLJHV (OHPHQW MHJOLFKHU .HLPEDKQWKHUDSLH DQJH






N|QQHQ DXVVHUGHP VR]LDOH 0DVVQDKPHQ ]XU 9HUKLQGHUXQJ HLQHU (UENUDQNKHLW LQ (UZlJXQJ
JH]RJHQZHUGHQ.OLW]PDQ	6ZHHQH\
,Q/lQGHUQPLWHLQHUJU|VVHUHQ9HUEUHLWXQJJHQHWLVFKHU(UNUDQNXQJHQHWZDYRQ7KDODVVlPLH
LP 0LWWHOPHHUUDXP H[LVWLHUHQ ]XP 7HLO XPIDQJUHLFKH JHVXQGKHLWVSROLWLVFKH 3URJUDPPH GHU
(UNHQQXQJ GHU JHQHWLVFKHQ 9HUDQODJXQJ YRU GHU 9HUSDUWQHUXQJ &RXVHQV *DII 0HWFDOIH 	




JHQ HUXLHUW ZHUGHQ 9RU DOOHP EHL UH]HVVLY YHUHUEEDUHQ *HQHQ NDQQ HUPLWWHOW ZHUGHQ ZLH















 ,P )DFKGLVNXUVZHUGHQ GLHVH UHSURGXNWLRQVPHGL]LQLVFKHQ$OWHUQDWLYHQ DOV$UJXPHQWH
JHJHQ .HLPEDKQHLQJULIIH PLWWHOV *HQRPH (GLWLQJ KHUYRUJHEUDFKW GLH )lOOH LQ GHQHQ GXUFK







%HIUXFKWXQJ JHVFKDIIHQH (PEU\RQHQ GUIHQ DXI GLH HQWVSUHFKHQGHQ *HQGHIHNWH KLQ XQWHUVXFKW (PEU\RQHQ RKQH
GLHVHDXVJHZlKOWXQGLQGLH*HElUPXWWHUHLQJHVHW]WZHUGHQ'LH]LHOJHULFKWHWH$XVZDKOYRQ(PEU\RQHQDXIJUXQGYRQ
*HVFKOHFKWRGHUDQGHUHUN|USHUOLFKHU0HUNPDOHLVWMHGRFKXQWHUVDJW





%HL IUK]HLWLJHU'LDJQRVHQ XQG7KHUDSLHQ N|QQHQ6\PSWRPH YHUKLQGHUW RGHU EHKDQGHOW GLH
QHJDWLYHQ$XVZLUNXQJHQYRQ(UENUDQNKHLWHQXQWHU8PVWlQGHQ UHGX]LHUWZHUGHQ%HL3KHQ\O
NHWRQXULH HLQHU DXWRVRPDO UH]HVVLY YHUHUEWHQ 6WRIIZHFKVHOHUNUDQNXQJ ODVVHQ VLFK HWZD GLH
QHJDWLYHQ )ROJHQ IU GLH JHLVWLJH (QWZLFNOXQJ GHU %HWURIIHQHQ GXUFK HLQH SKHQ\ODODQLQIUHLH
RGHUDUPH(UQlKUXQJYHUKLQGHUQYDQ:HJEHUJHWDO)UDQGHUH(UNUDQNXQJHQH[LV
WLHUHQ]ZDUV\PSWRPPLQGHUQGH7KHUDSLHQVLHVLQGDEHUPLWPHKURGHUZHQLJHUVFKZHUHQ(LQ
VFKUlQNXQJHQ .UDQNKHLWVV\PSWRPHQ YHUPLQGHUWHU /HEHQVTXDOLWlW XQG HLQHU QLHGULJHUHQ /H







QHKPHQGHV ,GHDO GHV ©,PPHU)XQNWLRQLHUHQVª XQG ©,PPHU*XW'UDXI6HLQVª 8P GLHVHP ,GHDO ]X HQWVSUHFKHQ
ZUGHHLQHLPPHUZHLWHUHDXFKPHGL]LQLVFKWKHUDSHXWLVFKH2SWLPLHUXQJYRUJHQRPPHQ1LFKWQXUGLH(UZDFKVHQHQ
ZUGHQ DQ GLHVHP ,GHDO JHPHVVHQ VRQGHUQ DXFK .LQGHU PVVWHQ LPPHU SHUIHNW VHLQ 'LH JHVHOOVFKDIWOLFKHQ 7HQ
GHQ]HQLQGLHVH5LFKWXQJZXUGHQYRQGHQ6WDNHKROGHUQQHJDWLYEHXUWHLOW
,QGHU'LVNXVVLRQZXUGHHLQ=XVDPPHQKDQJ]ZLVFKHQGHP9HUVXFKGHU.HLPEDKQWKHUDSLHXQGHLQHPVSH]LILVFKHQ
:HOWELOG DXVJHPDFKW GDVV PLW GLHVHP ,GHDO LQ =XVDPPHQKDQJ VWHKW HLQH YHUHLQIDFKHQGH PHFKDQLVWLVFKH
6LFKWZHLVHGLHEHVWLPPWHQ6\PSWRPHQ]%HLQHU(UNUDQNXQJNODUH8UVDFKHQ]%HLQHJHQHWLVFKH3UlGLVSRVLWLRQ
]XZHLVW XQG GDQDFK WUDFKWHW GLHVH YHUPHLQWOLFK NODU NRQ]HSWXDOLVLHUWHQ 8UVDFKHQ ]X WKHUDSLHUHQ 'DGXUFK ZUGHQ
DQGHUH0LW8UVDFKHQMHGRFKDXVJHEOHQGHW
$QVWHOOH HLQHU LPPHU XPIDVVHQGHUHQ 3DWKRORJLVLHUXQJ YRQ =XVWlQGHQ N|QQWHQ .UDQNKHLWHQ GHPJHJHQEHU ZLHGHU
YHUPHKUWDOV©9DULDQWHQªGHV/HEHQVYHUVWDQGHQXQGPLWQLFKWJHJHQGLHVHQJHOHEWZHUGHQ'DIUPVVWHMHGRFKGLH
VR]LDOH 2UJDQLVDWLRQ GHV =XVDPPHQOHEHQV JHlQGHUW XQG GLH JHVHOOVFKDIWOLFKH 6ROLGDULWlW JHI|UGHUW ZHUGHQ VR GLH
7HLOQHKPHQGHQ





x 8QWHU :LVVHQVFKDIWOHULQQHQ XQG :LVVHQVFKDIWOHUQ EHVWHKW HLQ EUHLWHU .RQVHQV GDVV JHQWHFKQLVFKH 9HUIDKUHQ
GHU]HLW]XXQDXVJHUHLIWXQGGHU:LVVHQVVWDQGXPGLH)XQNWLRQYRQ*HQHQQRFKXQ]XUHLFKHQGVLQGXP*HQRPH
(GLWLQJIU.HLPEDKQHLQJULIIHDP0HQVFKHQ]X]XODVVHQ









HLQ NRQWURYHUVHV 7KHPD 'LH IDFKOLFKHQ XQG JHVHOOVFKDIWOLFKHQ 'LVNXVVLRQHQ GUHKHQ VLFK HL
QHUVHLWV XP GLH WHFKQLVFKH0DFKEDUNHLW YRQ.HLPEDKQYHUlQGHUXQJHQ GHUHQ6LFKHUKHLW VRZLH





'LVNULPLQLHUXQJ RGHU GHU 0HQVFKHQZUGH GLH GLH 'HEDWWH SUlJHQ :lKUHQG GLH WHFKQLVFKHQ










QRORJLVFKHQ (LQVFKUlQNXQJHQ XQG 8QVLFKHUKHLWHQ LQ %H]XJ DXI XQHUZQVFKWH $XVZLUNXQJHQ
NHLQH2SWLRQGDUVWHOOW9LHOPHKUPVVWHQZHLWHUH8QWHUVXFKXQJHQXQG:HLWHUHQWZLFNOXQJHQGHV
$QVDW]HVVWDWWILQGHQ0LWGHP9HUZHLVDXIGHQUDVFKHQZLVVHQVFKDIWOLFKHQXQGWHFKQRORJLVFKHQ




















=XNXQIW %HVWDQG KDEHQ N|QQWH XQG RE GLHV ZQVFKHQVZHUW ZlUH .|QQWH HLQ QDWLRQDOHV 9HUERW YRQ .HLPEDKQ
HLQJULIIHQ IDOOV GLHVHHLQHV7DJHV VLFKHU UHDOLVLHUEDUZlUHQ%HVWDQGKDEHQ"$OV%HLVSLHO IU HLQHHUIROJUHLFKXPJH
VHW]WH LQWHUQDWLRQDOH 5HJHO ZXUGH GDV 9HUERW GHV .ORQHQV YRQ 0HQVFKHQ JHEUDFKW 9RQ 7HLOQHKPHQGHQ ZXUGH
HLQJHEUDFKWGDVVGLH6FKZHL]EHUHLWVKHXWHLQPDQFKHUOHL+LQVLFKWHLQH©,QVHOªVHLGDVVGLHVLKUDEHUQLFKWJHVFKDGHW






9HUlQGHUXQJHQ PLW GHP LQGLYLGXHOO XQWHUVFKLHGOLFKHQ *HQRP (LQH +HUDXVIRUGHUXQJ EHL
.HLPEDKQHLQJULIIHQ LVW GDVV GLH 6LFKHUKHLW XQG$XVZLUNXQJHQ DEVHLWV H[SHULPHQWHOOHU 6HW
WLQJV OHW]WHQGOLFKQXUGXUFKNOLQLVFKH6WXGLHQGXUFKGLH5HDOLVLHUXQJGHU.HLPEDKQHLQJULIIH
DQ0HQVFKHQ HPSLULVFK HUIRUVFKW ZHUGHQ N|QQWHQ*OHLFK]HLWLJ VLQG JHUDGH NOLQLVFKH 6WX
GLHQXPVWULWWHQZHLOXQEHNDQQWH$XVZLUNXQJHQDXIWUHWHQRGHUVLFKSRWHQ]LHOOH$XVZLUNXQJHQ
HUVW -DKUH QDFK GHP HLJHQWOLFKHQ (LQJULII PDQLIHVWLHUHQ N|QQWHQ 'LH 3UlYHQWLRQ SRO\JHQHU








YHUVFKLHGHQHQ QDWLRQDOHQ XQG UHFKWOLFKHQ .RQWH[WHQ GLH 5DKPHQEHGLQJXQJHQ GHU 'HEDWWH
YHUlQGHUW6&KDQHWDO

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.HLPEDKQWKHUDSLHXQG*HQRPH(GLWLQJ 
9HUVXFKH ]X .HLPEDKQYHUlQGHUXQJHQ DP0HQVFKHQ ZHUGHQ YRQ:LVVHQVFKDIWOHULQQHQ XQG
:LVVHQVFKDIWOHUQXQWHUDQGHUHPGHVKDOEPLW%HVRUJQLVJHVHKHQZHLOGLHVLFKGDUXPHQWVSLQ
QHQGHQ|IIHQWOLFKHQ.RQWURYHUVHQQHJDWLYH$XVZLUNXQJHQDXI*UXQGODJHQIRUVFKXQJXQGDQGH









DOV (L]HOOHQ RGHU 6SHUPLHQ (LQJULIIH LQ GLHVH VLQG LQPDQFKHQ /lQGHUQ RGHU IU EHVWLPPWH
=ZHFNH YHUERWHQ RGHU SRODULVLHUHQ VHOEVW ZHQQ GLHVH HUODXEW VLQG ]% 3,' 6FKZDQJHU
VFKDIWVDEEUFKH
6R]LDOHXQGHWKLVFKH$UJXPHQWHJHJHQGHQ(LQVDW]YRQ*HQRPH(GLWLQJEHWUHIIHQGLHJHVHOO
VFKDIWOLFKHQ )ROJHQ XQG ,PSOLNDWLRQHQ GLH GXUFK HLQH ]XNQIWLJH 9HUEUHLWXQJ GLHVHU PHGL]L
QLVFKHQ3UD[LVDXIWUHWHQN|QQWHQ6LHXPIDVVHQGLH$EZHUWXQJXQG6WLJPDWLVLHUXQJYRQ0HQ
VFKHQ PLW EHVWLPPWHQ JHQHWLVFKHQ 9HUDQODJXQJHQ RGHU (UNUDQNXQJHQ VR]LDOHU 'UXFN DXI
]XNQIWLJH(OWHUQXQGGLH9HUWLHIXQJVR]LDOHU8QJOHLFKKHLW LP*HVXQGKHLWVV\VWHP'HUDUWLJH
$VSHNWHVLQGQLFKWYRQGHU+DQG]XZHLVHQGDYHUVFKLHGHQH8QWHUVXFKXQJHQ]XEHUHLWVYHU
EUHLWHWHQ UHSURGXNWLRQVPHGL]LQLVFKHQ 0DVVQDKPHQ HEHQ VROFKH (IIHNWH DXIJH]HLJW KDEHQ






VR]LDOH 8QJOHLFKKHLWHQ GXUFK .HLPEDKQHLQJULIIH YHUWLHIHQ RGHU YHUlQGHUQ ZUGHQ ZlUH YRQ





'LH)UDJH RE+XPDQ(QKDQFHPHQWPLWWHOV*HQRPH(GLWLQJ.HLPEDKQHLQJULIIHQ OHJLWLP LVW
NDQQ HEHQIDOOV QXU DXI JHVHOOVFKDIWOLFKHU (EHQH EHDQWZRUWHW ZHUGHQ 'LH*UHQ]HQ ]ZLVFKHQ
*HVXQGKHLWXQG.UDQNKHLWVRZLH1RUPDOLWlWXQG$EZHLFKXQJVLQGRIWHEHQVRVFKZHU]X]LHKHQ
ZLH ]ZLVFKHQ 3UlYHQWLRQ 7KHUDSLH XQG 2SWLPLHUXQJ $XVKDQGOXQJVSUR]HVVH GDUEHU ZDV
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
6WDNHKROGHUSHUVSHNWLYH%HGLQJXQJHQHLQHUJHVHOOVFKDIWOLFKHQ'HEDWWH
,P 5DKPHQ GHV 6WDNHKROGHU:RUNVKRSV ZXUGH PLW GHQ 7HLOQHKPHQGHQ DXVJHORWHW XQG GLVNXWLHUW ZLH HLQH JHVHOO











HWKLVFKPRUDOLVFKH 3RVLWLRQHQ QLFKW SHU VH GLVNUHGLWLHUW ZHUGHQ VRQGHUQ PVVWHQ %HUFNVLFKWLJXQJ ILQGHQ XQG
UHIOHNWLHUWZHUGHQ




SRWHQ]LHOO YRUWHLOKDIWHQ7HFKQRORJLHQ QLFKW YHUKLQGHUQ NDQQ VREDOG VLH LQ DQGHUHQ7HLOHQ GHU
:HOW GXUFKJHIKUW ZHUGHQ N|QQHQ DXVVHUGHP GDVV GLH KLVWRULVFKHQ (QWZLFNOXQJHQ LQ GHU
5HSURGXNWLRQVPHGL]LQJH]HLJWKDEHQGDVVGLHWHFKQLVFKH0DFKEDUNHLWVFKOLHVVOLFKDXFK]XP
(LQVDW]IKUWVHOEVWZHQQ]XYRU:LGHUVWDQGRGHU9HUERWHJHKHUUVFKWKDEHQ$QGHUHLGHQWLIL]LH
UHQ GDV XQJOHLFKJHZLFKWLJH =XVDPPHQVSLHO NDSLWDOLVWLVFKHU '\QDPLNHQ OLEHUDOLQGLYLGXDOLV
WLVFKHU'HQNZHLVHQGDV6WUHEHQQDFK:LVVHQXQG.RQWUROOHEHUGLHHLJHQH(QWZLFNOXQJDOV























ZHLWHUH %HWUHXXQJ GHU .LQGHU XQG (OWHUQ EHUQHKPH$XVVHUGHP VWHOOWH VLH IHVW GDVV HLQH




=HOOHQHLQGULQJHQ]X N|QQHQ(VZLUG DOVHLQ$QKDOWVSXQNW LQ GHU3UlYHQWLRQRGHU7KHUDSLH YRQ+,9,QIHNWLRQHQJH
VHKHQ'HQQHLQH9DULDQWHGHV*HQV&&5ǻVFKDIIW5HVLVWHQ]JHJHQ+,9'LH9HUEUHLWXQJGLHVHU*HQYDULDQWH





DXIJUXQG GHV UHODWLY NODU LGHQWLIL]LHUEDUHQ5H]HSWRUV DOV HLQH GXUFK*HQRPH(GLWLQJ KHLOEDUH .UDQNKHLW DQJHVHKHQ
HWZDGXUFKGLH0RGLILNDWLRQYRQ7=HOOHQRGHU%OXWVWDPP]HOOHQ&;:DQJ	&DQQRQ
=LHO GHV.HLPEDKQHLQJULIIVZDU HV GDV*HQ&&5DXV]XVFKDOWHQ XQG VRGLH.LQGHU LPPXQ
JHJHQ GDV +,9LUXV ]XPDFKHQ VLHKH ,QIRER[  'HU 9DWHU GHU JHQHWLVFKHQPRGLIL]LHUWHQ
.LQGHU LVW +,9SRVLWLY MHGRFK ]LHOWH GLH %HKDQGOXQJ QLFKW SULPlU DXI GLH 9HUKLQGHUXQJ HLQHU
hEHUWUDJXQJGHV9LUXVDE±GLHVHV5LVLNRNDQQGXUFKDQGHUH0DVVQDKPHQNRQWUROOLHUWZHUGHQ
9LHOPHKUEHJUQGHW+HGHQ(LQJULIIGDPLWGHQ.LQGHUQHLQSRWHQ]LHOOlKQOLFKHV6FKLFNVDOZLH
LKUHP 9DWHU ]X HUVSDUHQ ,P 5DKPHQ HLQHU ,9) ZXUGHQ GLH EHIUXFKWHWHQ (L]HOOHQ PLWWHOV
&5,635&DV PRGLIL]LHUW XQG GDEHL &&5 GHDNWLYLHUW ,P 0HKU]HOOVWDGLXP ZXUGH GLH *HQ
VHTXHQ]LHUXQJHLQ]HOQHU HPEU\RQDOHU=HOOHQ YRUJHQRPPHQ'DQQZXUGHQGLH(PEU\RQHQ LQ
GLH0XWWHUHLQJHVHW]WGLHGLH.LQGHUDXVWUXJ,QHLQHPGHU=ZLOOLQJHNRQQWHODXW$QJDEHQYRQ












© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
8QLYHUVLWlWDQGHU+HEHVFKlIWLJW LVWJLEWDQQLFKWYRQVHLQHQ9HUVXFKHQJHZXVVW]XKDEHQ
DXVVHUGHP VHL +H ]XU =HLW GHU 9HUVXFKH EHXUODXEW JHZHVHQ:HLWHUV ZXUGH VHLQH IHKOHQGH
IDFKOLFKH(LJQXQJ±HULVW%LRSK\VLNHU±XQGPXWPDVVOLFKLUUHIKUHQGH$XINOlUXQJGHU(OWHUQGHU
.LQGHUEHUGHQ(LQJULII NULWLVLHUW(VZLUGGLH*HIDKUJHVHKHQGDVVHLQGHUDUWLJXPVWULWWHQHU
























QLFKW HLQJHKDOWHQ ZHUGHQ /DXW OHW]WHQ LQWHUQDWLRQDOHQ %HULFKWHQ ZXUGH +H YRQ GHU FKLQHVL
VFKHQ5HJLHUXQJXQWHU+DXVDUUHVWJHVWHOOW(&KHQ	0R]XU
'HUGXUFKJHIKUWH.HLPEDKQHLQJULIIPDUNLHUW GHQPLWXQWHU UDVDQWHQ)RUWVFKULWW LQ GHU$QZHQ
GXQJYRQ*HQRPH(GLWLQJLQGHU0HGL]LQ'LHQHXHUHQ)DFKDUWLNHOGLHQRFKNXU]YRUGHU%H
NDQQWJDEHGHV9HUVXFKVHUVFKLHQHQVLQGXQGDQZHVHQGH([SHUWLQQHQXQG([SHUWHQ LP6WD
NHKROGHU:RUNVKRS LP2NWREHU LQ %HUQ JLQJHQ GDYRQ DXV GDVV NOLQLVFKH .HLPEDKQHLQJULIIH
EHLP0HQVFKHQQRFK LQGHUHQWIHUQWHQ=XNXQIW OlJHQ ,P6WDNHKROGHU:RUNVKRSZXUGHDXFK
GDUEHU GLVNXWLHUW RE EHUHLWV ]XP GDPDOLJHQ =HLWSXQNW HLQH JHVHOOVFKDIWOLFKH 'HEDWWH EHU
KDXSW QRWZHQGLJ RGHU VLQQYROO VHL 'LH$EIROJH GHU (UHLJQLVVH XQWHUVWUHLFKW HLQPDOPHKU GLH
1RWZHQGLJNHLW IUKHU JHVHOOVFKDIWOLFKHU $XVHLQDQGHUVHW]XQJ PLW GHUDUWLJHQ 7KHPHQ GD GLH
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 *HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW
Armin Spök und Caroline Hammer 
.XU]	NQDSS








VLFKHUKHLWHQ XQG SRWHQ]LHOOH 5LVLNHQ DXVJHKHQG YRQ 1HEHQHIIHNWHQ GHU *HQRPHGLWLHUXQJ XQGRGHU GHU QHXHQ
$QZHQGXQJHQ]%PXOWLSOH[LQJ
x (LQ*HULFKWVXUWHLO GHV(X*+ LP-XOL HQWVFKLHG GDVV*HQRPH(GLWLQJ XQWHU GDV(8*HQWHFKQLNUHFKW IlOOW
'DPLW ZHUGHQ PLW *HQRPH (GLWLQJ YHUlQGHUWH 3IODQ]HQ DOV JHQWHFKQLVFK YHUlQGHUWH 2UJDQLVPHQ *92 EH
KDQGHOW XQGPVVHQHQWVSUHFKHQGH=XODVVXQJVYHUIDKUHQGXUFKODXIHQ(V JLEW DEHU DXFK/lQGHU LQ GHQHQPLW
*HQRPH(GLWLQJYHUlQGHUWH3IODQ]HQQLFKWSHUVHDOVJHQHWLVFKYHUlQGHUWH2UJDQLVPHQ*92HLQJHVWXIWZHUGHQ
x ,Q MHGHP )DOO VWHOOW VLFK GLH )UDJH RE GLH $NWHXULQQHQ XQG $NWHXUH HQWODQJ GHU :HUWVFK|SIXQJVNHWWH VRZLH
.RQVXPHQWLQQHQ XQG.RQVXPHQWHQ VROFKH3IODQ]HQ XQG /HEHQVPLWWHOSURGXNWH DXFK DN]HSWLHUHQZUGHQ (LQH






'LH (QWZLFNOXQJHQ XQG LPPHUZHLWHUHQ9HUEHVVHUXQJHQ YRQ*HQRPH (GLWLQJ9HUIDKUHQ XQG
LKUHWHFKQLVFKHQ9RUWHLOHYHUJOLFKHQPLWNODVVLVFKHQ0HWKRGHQGHU*HQWHFKQLNKDEHQ]XHLQHU
UDVFKHQ'LIIXVLRQ LQYLHOHQ%HUHLFKHQGHU3IODQ]HQIRUVFKXQJXQG]FKWXQJJHIKUW%LV0LWWH




NRQYHQWLRQHOOH =FKWXQJ RGHU GXUFK =XIDOOVPXWDWLRQHQ HQWVWDQGHQHQ 9HUlQGHUXQJHQ XQWHU
VFKHLGHQ'LHVKDWIUHLQHOHEKDIWH|IIHQWOLFKH'HEDWWH]X9RUXQG1DFKWHLOHQ&KDQFHQXQG
5LVLNHQYRQ*HQRPH(GLWLQJ$QZHQGXQJHQLQGHU/DQGZLUWVFKDIWJHIKUWGLHVLFKXDLQ]DKO
UHLFKHQ%HLWUlJHQ LQ)DFKMRXUQDOHQDEHUDXFK LQGHQ0HGLHQ LQ6WHOOXQJQDKPHQYRQ([SHU
WLQQHQXQG([SHUWHQJUXSSHQXQG3RVLWLRQVSDSLHUHQYRQ,QWHUHVVHQJUXSSHQJHlXVVHUWKDW

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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
,QGLHVHP.DSLWHOZLUGGLHVH'LVNXVVLRQUHIOHNWLHUWXQGHVZHUGHQGLH(QWZLFNOXQJVXQG(LQ




NHQ 0|JOLFKNHLWHQ XQG +HUDXVIRUGHUXQJHQ ZHUGHQ WKHPDWLVLHUW" :LH VWHOOHQ VLFK GLHVH LP




ZHUGHQ $QZHQGXQJHQ XQG $QZHQGXQJVSHUVSHNWLYHQ YRQ *HQRPH (GLWLQJ YRUJHVWHOOW XQG
WHFKQLVFKHXQGDQGHUZHLWLJH9RUWHLOHYRUDOOHPDXV6LFKWGHU3IODQ]HQ]FKWXQJ]XVDPPHQJH
IDVVW:HLWHUH$EVFKQLWWHEHIDVVHQVLFKPLWP|JOLFKHQ5LVLNHQVRZLHPLW)UDJHQGHU$N]HSWDQ]







,Q GLHVHP$EVFKQLWWZLUG*HQRPH(GLWLQJ YRU GHP+LQWHUJUXQGDQGHUHU =FKWXQJVPHWKRGHQ
HUOlXWHUW 'D]X ZHUGHQ ]XQlFKVW NRQYHQWLRQHOOH =FKWXQJVPHWKRGHQ EHVFKULHEHQ XQG GDQQ








WLRQHOOH0XWDJHQHVH LVW XQJHULFKWHW HV HQWVWHKHQ YLHOH ]XIlOOLJH 9HUlQGHUXQJHQ JOHLFK]HLWLJ
VRGDVV DXIZHQGLJH 6HOHNWLRQVSUR]HVVH HUIRUGHUOLFK VLQG XP HLQH 3IODQ]H PLW JHZQVFKWHQ
(LJHQVFKDIWHQ ]X LGHQWLIL]LHUHQ XQG LQ ZHLWHUHU )ROJH 5FNNUHX]XQJHQ XP HYHQWXHOO XQHU
ZQVFKWH(LJHQVFKDIWHQZLHGHU ]X HQWIHUQHQ'LH6HOHNWLRQ HUIROJW GDEHL KDXSWVlFKOLFK EHU
GHQ3KlQRW\SZDV]XU9RUDXVVHW]XQJKDWGDVVGLH3IODQ]HHLQHQIRUWJHVFKULWWHQHQ(QWZLFN
OXQJVJUDG HUUHLFKW'LHVHU JHVDPWH3UR]HVV NDQQPLWXQWHU HLQLJH -DKU]HKQWH EHDQVSUXFKHQ

 'DV7KHPD*HQRPH(GLWLQJ LQ GHU ODQGZLUWVFKDIWOLFKHQ7LHU]XFKW EHKDQGHOQ 6RPPHU 	 6S|N LQ HLQHPZHLWHUHQ
%HLWUDJLQGLHVHP%DQGVLHKH.DSLWHO
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*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW 
0LWWOHUZHLOH KDEHQ VLFK HLQH5HLKH YRQ JHQHWLVFKHQ XQG ]HOOELRORJLVFKHQ9HUIDKUHQ HWDEOLHUW
GLHGLH=FKWXQJEHVFKOHXQLJHQYHUHLQIDFKHQRGHUHUOHLFKWHUQ]XP%HLVSLHO6HOHNWLRQVYHUIDK















































NDQQZHQQ HLQ*HQ GHUVHOEHQ RGHU NUHX]XQJVIlKLJHQ6SH]LHV LQ YHUlQGHUWHU ,QWUDJHQHVLV
RGHUXQYHUlQGHUWHU)RUP&LVJHQHVLVEHUWUDJHQZLUG6FKDDUWHWDO
6\QWKHWLVFKH%LRORJLHV\QWKHWLFJHQRPLFVLVWLP9HUJOHLFK]XGHQJHQDQQWHQ7HFKQLNHQQRFK
GHXWOLFKZHLWHU YRQHLQHUSUDNWLVFKHQ$QZHQGXQJHQWIHUQW XQGVROO GDKHU LP)ROJHQGHQQLFKW
PHKUPLWHLQEH]RJHQ]XZHUGHQ


























EHWUDFKWHW NDQQ XQWHU *HQRPH (QJLQHHULQJ QHEHQ JH]LHOWHQ 0RGLILNDWLRQHQ DP *HQRP EHU GLH 9HUlQGHUXQJ GHU
'1$6HTXHQ] KLQDXV DXFK GLH 9HUlQGHUXQJ YRQ GHUHQ .RQWH[W HSLJHQHWLVFKH 0DUNHU 0HWK\OLHUXQJ RGHU GHUHQ
2XWSXWV7UDQVNULSWYHUVWDQGHQZHUGHQ+VX/DQGHU	=KDQJ




ZLUG NHLQH'1$9RUODJH LQ GLH =HOOHQ HLQJHEUDFKW'HU1+(-5HSDUDWXUPHFKDQLVPXV LVW
DNWLY
x 6'10HWKRGHQQXW]HQHLQJHEUDFKWH5HSDUDWXUPDWUL]HQ'1$9RUODJHQPLWYRUGHILQLHUWHQ
0XWDWLRQHQXQG UHVXOWLHUHQ LQJH]LHOWHQ ,QVHUWLRQHQ1XNOHRWLGDXVWDXVFKRGHU'HOHWLRQHQ
HLQ]HOQHURGHUPHKUHUHU1XNOHRWLGH'HU+'55HSDUDWXUPHFKDQLVPXVLVWDNWLY






'LH $QZHQGXQJ YRQ *HQRPH (GLWLQJ0HWKRGHQ LQ )RUVFKXQJ XQG (QWZLFNOXQJ YRQ QHXHQ
3IODQ]HQVRUWHQKDWVLFKLQVHKUNXU]HU=HLWHWDEOLHUW&5,635LVWVHLWGLHPHLVWYHUZHQGHWH
0HWKRGHVLHKH$EE







'RPLQDQ] YRQ &KLQD ± HUJLEW VLFK DXV HLQHU 8QWHUVXFKXQJ YRQ  $UEHLWHQ PLW &5,635
5LFURFK&ODLUDQG	+DUZRRG,PHXURSlLVFKHQ.RQWH[WIlOOW'HXWVFKODQGDXI0RGU]H










WHU ,QGLNDWRU IU0DUNWQlKHVLQG MHGHQIDOOV)UHLVHW]XQJVYHUVXFKH*HOLQVN\  LGHQWLIL]LHUW













,Q (XURSDZXUGHQ )HOGYHUVXFKH ELVODQJ LQ 6FKZHGHQ 5DSV XQG LP9HUHLQLJWHQ .|QLJUHLFK
5DSV3DSSHO$UDELGRSVLVXQG.DUWRIIHOUHJLVWULHUW)HOGYHUVXFKHPLWFLVJHQHQ3IODQ]HQVRUWHQ
JDEHVEHUHLWV LQPHKUHUHQHXURSlLVFKHQ/lQGHUQ LQGHQ1LHGHUODQGHQGHU6FKZHL] ,UODQG
%HOJLHQLP9HUHLQLJWHQ.|QLJUHLFKDOOHPLW.DUWRIIHOXQGLQ'lQHPDUN*HUVWH9HUVXFKHPLW
FLVJHQHQbSIHOQIDQGHQLQGHU6FKZHL]XQGLQ'HXWVFKODQGVWDWW*HOLQVN\











)U PHKUHUH *HQRPH (GLWLQJ6RUWHQ ZHUGHQ YRQ GHQ HQWZLFNHOQGHQ .RPPHU]LDOLVLHUXQJV
SHUVSHNWLYHQ ]ZLVFKHQ  XQG  DQJHJHEHQ 0DLV &5,635 /HLQHQ 2'0 7$/(1
&5,635.DUWRIIHO2'0XQG:HL]HQ&5,635
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
$EE]HLJWGLH9HUWHLOXQJGHUDXI*HQRPH(GLWLQJEDVLHUHQGHQ)RUVFKXQJVXQG(QWZLFN
OXQJVYRUKDEHQ QDFK ]FKWHULVFKHP=LHO .DWHJRULH$ LQ GHU$EELOGXQJ XQG IU*93IODQ]HQ
.DWHJRULH% LQGHU$EELOGXQJ ,P9HUJOHLFK ]X*93IODQ]HQVWHKW EHL GHQ*HQRPH(GLWLQJ
3IODQ]HQELVODQJGLH(QWZLFNOXQJYRQDJURQRPLVFKUHOHYDQWHQ(LJHQVFKDIWHQ LP9RUGHUJUXQG
ZlKUHQG+HUEL]LGUHVLVWHQ]XQG5HVLVWHQ]JHJHQELRWLVFKH)DNWRUHQ,QVHNWHQEH]LHKXQJVZHLVH
3LO]HZHQLJHU LP)RNXVVWHKHQ *93FD OW ,6$$$ 9HUEHVVHUXQJHQGHU3UR
GXNWTXDOLWlWVLQGEHL*HQRPH(GLWLQJ3IODQ]HQKlXILJHUGDV=FKWXQJV]LHOLP9HUJOHLFK
]X*93IODQ]HQEOHLEWDEHU LQEHLGHQ)lOOHQHLQHVGHU+DXSWDQZHQGXQJHQOW ,6$$$
 ±$XI %DVLV GLHVHU 'DWHQ ZlUH HV YHUIUKW DXI HLQH 9HUODJHUXQJ GHU =FK
WXQJVVFKZHUSXQNWH]XVFKOLHVVHQ%HLVSLHOHIUGLH=FKWXQJVPHUNPDOHLQ$EEVLQGLQ7DE
JHQDQQW
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
,QIRER[EHVFKUHLEWGDVLQ7DEHOOHDQJHIKUWH%HLVSLHOYRQPHKOWDXUHVLVWHQWHP:HL]HQGHU




DXI VWDUN JHVFKlGLJWHQ%OlWWHUQ ,Q GLHVHU)RUPEHUGDXHUW GHU 3LO] GLH1DFKHUQWHSHULRGHDQ(UQWHUFNVWlQGHQXQG
YHUEUHLWHWVHLQH6SRUHQEHLIHXFKWHUHU+HUEVWZLWWHUXQJDXIQHXHLQJHVlWHV:LQWHUJHWUHLGH(UEHUGDXHUWGHQ:LQWHUDQ
EHIDOOHQHP :LQWHUJHWUHLGH %HJLQQW GLH ZDUPH -DKUHV]HLW YHUWHLOW GHU :LQG GLH 6SRUHQ IU HLQH 1HXLQIHNWLRQ
(UQWHYHUOXVWHN|QQHQMHQDFK%HIDOOELV]XEHWUDJHQ%HNlPSIWZLUGGHU0HKOWDXLQNRQYHQWLRQHOOHU/DQGZLUWVFKDIW
PLW)XQJL]LGHQ,P%LRODQGEDXZHUGHQEHLVWDUNHP%HIDOO3IODQ]HQVFKXW]PLWWHODXI6FKZHIHOEDVLVYHUZHQGHW
'LH 0HKOWDXVHQVLWLYLWlW ZLUG YRQ HLQHP GRPLQDQWHQ *HQ YHUXUVDFKW GDV LP :HL]HQ LQ LQVJHVDPW VHFKV .RSLHQ
YRUNRPPW +H[DSORLGLH 'XUFK JOHLFK]HLWLJH 7$/(10XWDJHQHVH YRQ GUHL +RPRDOOHOHQ ZXUGH GLHVHV *HQ DXVJH
VFKDOWHW.QRFNRXW$QGHU(QWZLFNOXQJYRQJHQRPHGLWLHUWHPPHKOWDXUHVLVWHQWHP:HL]HQDUEHLWHWPLWWOHUZHLOHQHEHQ
)RUVFKHUWHDPV DQ FKLQHVLVFKHQXQG868QLYHUVLWlWHQ DXFK GLH86)LUPD&DO\[W'DEHL NRPPW QHEHQ7$/(1DXFK
&5,635&DV ]XU$QZHQGXQJ )UHLVHW]XQJVYHUVXFKH YRQ&DO\[W ODXIHQ LQ GHQ86$ ,Q GHQ86$ZLUG GHU*HQRPH
(GLWLQJ:HL]HQYRQ&DO\[WQLFKWXQWHUGHU*HQWHFKQLNJHVHW]JHEXQJUHJXOLHUW





,Q]ZLVFKHQKDW VLFK EHUHLWV HLQH5HLKH YRQ)LUPHQDXI GLH(QWZLFNOXQJ YRQJHQRPHGLWLHUWHQ
3IODQ]HQNRQ]HQWULHUW(LQ%HLVSLHOGDIU LVWGLH86)LUPD&DO\[WGLHDNWXHOO*HQRPH(GL
WLQJ6RUWHQLQXQWHUVFKLHGOLFKHQ6WDGLHQGHU(QWZLFNOXQJKDW)UVLHEHQGLHVHU6RUWHQKDWGDV
86'$EHUHLWV EHVWlWLJW GDVVGLHVHQLFKW XQWHU GLH86*HQWHFKQLNUHJXOLHUXQJHQ IDOOHQ VLHKH
(LQWUlJH LQ8QLWHG6WDWHV'HSDUWPHQWRI$JULFXOWXUH86'$D8QWHUGLHVH6RUWHQ IDOOHQ



































0|JOLFKNHLWHQ IU VLPXOWDQH XQGPXOWLSOH 9HUlQGHUXQJHQ SODXVLEHO (LQHZHLWHUH ZHVHQW
OLFKH%HVFKOHXQLJXQJ DXI GHP:HJ ]XU0DUNWUHLIH LVW GLH9HUPHLGXQJ YRQ ]HLW XQG UHV
VRXUFHQLQWHQVLYHQ *HQHKPLJXQJVYHUIDKUHQ QDFK *HQWHFKQLNUHFKW LQ PDQFKHQ /lQGHUQ






XQG ]FKWHUQGLH0|JOLFKNHLW NRVWVSLHOLJHXQG ODQJZLHULJH3UR]HVVHELV]XU0DUNW]XODVVXQJ
XQGGDV*HQWHFKQLNVWLJPD]XYHUPHLGHQ)UGLH(8LVWGLHV]ZDUVHLWGHP(X*+8UWHLOLP-XOL
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
IKUXQJGHUIUGLH0DUNW]XODVVXQJHUIRUGHUOLFKHQ6WXGLHQDQIDOOHQ.DODLW]DQGRQDNHV$OVWRQ	





(LQ *UXQG IU GLH OlQJHUHQ =HLWUlXPH LQ GHU (8 VLQG 1DFKIRUGHUXQJHQ YRQ 8QWHUODJHQ LP

















UHP*HELHW ]X XQWHUVDJHQ 9RQ GLHVHU0|JOLFKNHLW ZXUGH YRQ 0LWJOLHGVVWDDWHQ XQG ]ZHL
















XQWHU GLH (8*HQWHFKQLNUHJXOLHUXQJ IDOOHQ -RQHV  6SULQN HW DO  XQG GDPLW *H
QHKPLJXQJVYHUIDKUHQHQWIDOOHQZUGHQ'LHVKlWWHHLQHQHLQIDFKHUHQNRPPHU]LHOOHQ$QEDXLQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
GHU (8 HUP|JOLFKW VLHKH 7DE  'LHVH (UZDUWXQJHQ ZXUGHQ GXUFK GLH 6WHOOXQJQDKPH GHV
(X*+*HQHUDODQZDOWV %REHN  XQG GXUFK GLH (QWVFKHLGXQJ GHU 86$ 8QLWHG 6WDWHV
'HSDUWPHQW RI $JULFXOWXUH 86'$ E GDVV *HQRPH (GLWLQJ QLFKW XQWHU GHQ 86*HQ










s>ϭ <^Ϯ Edt'ϯ &^ϰ͕ϱ E'KƐϲ &Eϳ
^Eϭ EŝĐŚƚ'sK EŝĐŚƚ'sK EŝĐŚƚ'sK EŝĐŚƚ'sK 'sK 'sK
^EϮ EŝĐŚƚ'sK EŝĐŚƚ'sK EŝĐŚƚ'sK EŝĐŚƚ'sK 'sK 'sK
^Eϯ 'sK 'sK 'sK 'sKď 'sK 'sK
KD
EŝĐŚƚ'sKĂ EŝĐŚƚ'sK EŝĐŚƚ'sK EŝĐŚƚ'sK 'sK 'sK
ZĚD Ŷ͘Ě͘ EŝĐŚƚ'sK EŝĐŚƚ'sK EŝĐŚƚ'sK Ŷ͘Ě͘ 'sK


















LVW /XFKW  YHUVXFKW GHU /HEHQVPLWWHOKDQGHO LQ GHQ0LWJOLHGVVWDDWHQPLW DXVJHSUlJWHU





hͲDŝƚŐůŝĞĚƐƐƚĂĂƚ ϭϵϵϲ ϭϵϵϵ ϮϬϬϮ ϮϬϬϱ
^ƉĂŶŝĞŶ ϴϬ ϳϬ ϳϰ ϳϰ
DĂůƚĂ ʹ ʹ ʹ ϲϲ
WŽƌƚƵŐĂů ϳϮ ϱϱ ϲϴ ϲϱ
dƐĐŚĞĐŚŝƐĐŚĞZĞƉƵďůŝŬ ʹ ʹ ʹ ϲϰ
/ƌůĂŶĚ ϳϯ ϱϲ ϳϬ ϱϱ
/ƚĂůŝĞŶ ϲϭ ϰϵ ϰϬ ϱϰ
>ŝƚĂƵĞŶ ʹ ʹ ʹ ϱϰ
EŝĞĚĞƌůĂŶĚĞ ϳϴ ϳϱ ϲϱ ϰϴ
sĞƌĞŝŶŝŐƚĞƐ<ƂŶŝŐƌĞŝĐŚ ϲϳ ϰϳ ϲϯ ϰϴ
^ůŽǁĂŬĞŝ ʹ ʹ ʹ ϰϴ
&ŝŶŶůĂŶĚ ϳϳ ϲϵ ϳϬ ϰϲ
ĞůŐŝĞŶ ϳϮ ϰϳ ϱϲ ϰϱ
ćŶĞŵĂƌŬ ϰϯ ϯϱ ϰϱ ϰϮ
hŶŐĂƌŶ ʹ ʹ ʹ ϯϳ
WŽůĞŶ ʹ ʹ ʹ ϯϲ
^ůŽǁĞŶŝĞŶ ʹ ʹ ʹ ϯϯ
^ĐŚǁĞĚĞŶ ϰϮ ϰϭ ϱϴ ϯϮ
ƐƚůĂŶĚ ʹ ʹ ʹ ϯϭ
ĞƵƚƐĐŚůĂŶĚ ϱϲ ϰϵ ϰϴ ϯϬ
&ƌĂŶŬƌĞŝĐŚ ϱϰ ϯϱ ϯϬ Ϯϵ
PƐƚĞƌƌĞŝĐŚ ϯϭ ϯϬ ϰϳ Ϯϱ
>ƵǆĞŵďƵƌŐ ϱϲ ϯϬ ϯϱ ϮϬ
>ĞƚƚůĂŶĚ ʹ ʹ ʹ ϭϵ
ǇƉĞƌŶ ʹ ʹ ʹ ϭϵ
'ƌŝĞĐŚĞŶůĂŶĚ ϰϵ ϭϵ Ϯϰ ϭϮ
4XHOOHPRGLIL]LHUWDXV3DSDFRVWDV
+LHU EHVWDQG HWZD VHLWHQV GHU HQWVSUHFKHQGHQ 8QWHUQHKPHQ GLH +RIIQXQJ GDVV EHVWLPPWH
3URGXNWH YRQ*HQRPH(GLWLQJ GLH QLFKW XQWHU GLH*HQWHFKQLNJHVHW]JHEXQJ IDOOHQZUGHQ
DQDORJ ]XU NRQYHQWLRQHOOHQ =FKWXQJ JDU NHLQHU .HQQ]HLFKQXQJVSIOLFKW XQWHUOLHJHQ ZUGHQ
6HOEVW ZHQQ HLQH VSH]LILVFKH .HQQ]HLFKQXQJ YHUHLQEDUW ZRUGHQ ZlUH KlWWH GLH 0|JOLFKNHLW
'LH.RQVXPHQWLQQHQ XQG.RQVXPHQWHQDN]HSWDQ] ]HLJWH VLFK DXFK LQ GHU GXUFKJHIKUWHQ8QWHUQHKPHQVXPIUDJH
DOV]HQWUDOHU$VSHNWIUGHQ(LQVDW]RGHU1LFKWHLQVDW]YRQ*HQRPH(GLWLQJ9HUIDKUHQLQ8QWHUQHKPHQVLHKH:LQNOHUHW
DOLQGLHVHP%DQG.DSLWHO









$XV GHQ DQJHIKUWHQ*UQGHQZXUGH*HQRPH (GLWLQJ DOV &KDQFH IU .08V IU |IIHQWOLFKH
=FKWXQJVHLQULFKWXQJHQXQGIU6RUWHQHQWZLFNOXQJIUNOHLQHUH0lUNWHJHVHKHQ'(ULNVVRQHW
DO (XURSHDQ6HHG$VVRFLDWLRQ YRUGHP+LQWHUJUXQGGDVVGHU FD
3IODQ]HQ]XFKWEHWULHEHLQGHU(8.08VVLQG
 5LVLNHQYRQ*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW
5LVLNHQ GHU$QZHQGXQJ YRQ*HQRPH(GLWLQJZHUGHQ GHU]HLW NRQWURYHUV GLVNXWLHUW 'HU HUVWH
$EVFKQLWW LQGLHVHP.DSLWHOEHVFKUHLEWGLHZLFKWLJVWHQ$VSHNWHGLHVHU5LVLNRGLVNXVVLRQ'DEHL
ZLUG DXI GLH .RQWLQXLWlW XQG GLH 8QWHUVFKLHGH ]XU NODVVLVFKHQ *HQWHFKQLN IRNXVVLHUW 0HKU
5DXPQHKPHQGDQQGLH+HUDXVIRUGHUXQJHQHLQGLHVLFKDEKlQJLJYRQ]XNQIWLJHQ5HJHOXQJV
UDKPHQ LQ XQWHUVFKLHGOLFKHU )RUP VWHOOHQ ,Q GLHVH$EVFKQLWWH VLQG DXFK GLH(UJHEQLVVH GHV
6WDNHKROGHU:RUNVKRSVHLQJHDUEHLWHWGHULP5DKPHQGHV3URMHNWHVDP1RYHPEHULQ
%HUQ GXUFKJHIKUW ZXUGH$Q GHP:RUNVKRS QDKPHQ  6WDNHKROGHU DXV XQWHUVFKLHGOLFKHQ





XQG:LVVHQVOFNHQ VRZLH GLH ,QWHUSUHWDWLRQ GHV9RUVRUJHSULQ]LSV VLQG LQ GHU'LVNXVVLRQ XP





GLH K|KHUH3Ul]LVLRQ GHU 9HUlQGHUXQJHQ JHJHQEHU NRQYHQWLRQHOOHU =FKWXQJ XQG NODVVLVFKHU
*HQWHFKQLNKHUYRUZRGXUFKXQHUZQVFKWH1HEHQHIIHNWHGHXWOLFKYHUULQJHUWE]ZPLQLPLHUWZHU
GHQ (XURSHDQ $FDGHPLHV 6FLHQFH $GYLVRU\ &RXQFLO ($6$&  (XURSHDQ &RPPLVVLRQ
*URXS RI &KLHI 6FLHQWLILF$GYLVRUV  (XURSHDQ 6HHG$VVRFLDWLRQ  VFLHQFHLQGXVWULHV
6ZLW]HUODQGD8PZHOWJUXSSHQGLHPHLVWHQ$NWHXULQQHQXQG$NWHXUHDXVGHP%LRODQGEDX
XQG DQGHUH :LVVHQVFKDIWOHULQQHQ XQG :LVVHQVFKDIWOHU EHWRQHQ KLQJHJHQ 8QVLFKHUKHLWHQ XQG
:LVVHQVOFNHQEHU$XIWUHWHQXQG$XVZLUNXQJHQYRQXQEHDEVLFKWLJWHQ1HEHQHIIHNWHQYRQ*H
6LHKH)Q










$QKDOWVSXQNWH GLH DXI HLQ P|JOLFKHV 5LVLNR KLQGHXWHQ N|QQHQ 'DEHL JHKW HV ]XPHLVW XP






ZLUG GDEHL YRQ YLHOHQ$NWHXULQQHQ XQG$NWHXUHQ JHWHLOW %HLP JH]LHOWHQ$XVWDXVFK RGHU GHU
,QVHUWLRQJDQ]HU*HQHPLWXQWHUEHU$UWJUHQ]HQKLQZHJ6'1JLEWHVZHLWJHKHQGHhEHUHLQ
VWLPPXQJ GDVV GLHVH 9HUlQGHUXQJHQ ZLH NODVVLVFKH *HQWHFKQLN HLQ]XVWXIHQ XQG HLQH HQW
VSUHFKHQGH5LVLNRDEVFKlW]XQJHUIRUGHUOLFKLVW$PGHXWOLFKVWHQ]HLJWVLFKGLH3RODULVLHUXQJEHL
9HUlQGHUXQJ HLQ]HOQHU RGHU PHKUHUHU 1XNOHRWLGH 6'1 ZR YRU DOOHP 3IODQ]HQIRUVFKXQJ









WHU 9RUVFKODJ LVW HLQH PD[LPDOH $Q]DKO YRQ YHUlQGHUWHQ 1XNOHRWLGHQ ]X GHILQLHUHQ GHUHQ
hEHUVFKUHLWXQJGDQQ]XHLQHP*92IKUHQZUGH
,QGHU'LVNXVVLRQZHUGHQ]XPHLVW IQI5LVLNRNDWHJRULHQXQWHUVFKLHGHQ GLHQDFKIROJHQGNXU]
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
,QGHQ(LQVFKlW]XQJHQYRQ2II7DUJHW(IIHNWHQZLUG]ZLVFKHQJHULQJHQ9HUlQGHUXQJHQ6'1
6'12'0%DVH(GLWLQJ XQG GHU ,QVHUWLRQ'HOHWLRQHQ YRQ JDQ]HQ*HQHQRGHU JU|VVHUHQ
*HQEHUHLFKHQ6'1XQWHUVFKLHGHQ ,P)DOOYRQJHULQJHQ9HUlQGHUXQJHQJLEWHVHLQHKRKH
hEHUHLQVWLPPXQJ LQ GHU /LWHUDWXU GDVV GLH :DKUVFKHLQOLFKNHLW GHV $XIWUHWHQV VROFKHU 2II
7DUJHW9HUlQGHUXQJ YHUJOLFKHQ PLW NRQYHQWLRQHOOHU 0XWDWLRQV]FKWXQJ GHXWOLFK JHULQJHU LVW
%DUWVFKHWDO+LJK&RXQFLORI%LRWHFKQRORJ\±6FLHQWLILF&RPPLWWHH+LJK/HYHO
*URXS RI 6FLHQWLILF $GYLVRUV  %HL LQGX]LHUWHU 0XWDJHQHVH JHKW PDQ YRQ HLQHU 2II





HEHQIDOOV JHULQJH2II7DUJHW )UHTXHQ]HQ ]XJHVFKULHEHQ %DUWVFK HW DO  +LHU LVW DOOHU


















7DUJHW9HUlQGHUXQJHQ %HL GHU ,QVHUWLRQ XQG'HOHWLRQHQ YRQ JDQ]HQ*HQHQ RGHU JU|VVHUHQ
*HQEHUHLFKHQ NRPPHQGLHVHOEHQ0HWKRGHQ ]XP(LQVDW]ZLH LQ GHU NODVVLVFKHQ*HQWHFKQLN
6RXWKHUQ%ORW3&5:KROH*HQRPH6HTXHQFLQJ%HLNOHLQHQ9HUlQGHUXQJHQLVW]XPHLVWGLH
$QZHQGXQJ YRQ :KROH*HQRPH 6HTXHQFLQJ QRWZHQGLJ XP P|JOLFKH 2II7DUJHW(IIHNWH ]X
LGHQWLIL]LHUHQ8QGVHOEVWGDQQNDQQHVVFKZLHULJRGHUXQP|JOLFKVHLQGLH9HUlQGHUXQJHLQ
GHXWLJGHU7HFKQRORJLH]X]XRUGQHQ
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*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW 
(VEHVWHKWGLH(UZDUWXQJVKDOWXQJGDVV*HQRPH(GLWLQJ2II7DUJHW(IIHNWHGHXWOLFKUHGX]LHUW













.DVVHWWHQ ,P(QWVWHKXQJVSUR]HVVHLQHU*HQRPH(GLWLQJ3IODQ]HZHUGHQ W\SLVFKHUZHLVH GLH
*HQHIUGDV&5,6356\VWHP&5,635.DVVHWWHQGXUFKNRQYHQWLRQHOOH0HFKDQLVPHQLQGLH
3IODQ]HQ]HOOHHLQJHEUDFKWXQGDQ]XIlOOLJHU6WHOOHLP3IODQ]HQJHQRPLQWHJULHUWZRGXUFKKLHUPLW
YRUEHUJHKHQG HLQH NODVVLVFKH JHQWHFKQLVFKH 9HUlQGHUXQJ YRUJHQRPPHQ ZLUG XQG HLQH







RGHU '1$$EVFKQLWWHQ GLH JHQHWLVFKH .RQVWHOODWLRQ LQ GHU =LHOUHJLRQ lQGHUQ XQG DXFK GLHV





8PZHOWJUXSSHQ VHKHQ KLQJHJHQ VSH]LHOO GLH HUZHLWHUWHQ0|JOLFKNHLWHQ GHV0XOWLSOH[LQJV DOV
HLQH WHFKQRORJLHVSH]LILVFKH 4XHOOH YRQ ]XVlW]OLFKHQ QLFKW EHDEVLFKWLJWHQ 1HEHQHIIHNWHQ
)ULHQGVRIWKH(DUWKbKQOLFKNULWLVFKZLUGGLH0|JOLFKNHLWHLQHUVHTXHQ]LHOOHQ$NNXPX
ODWLRQ HLQ]HOQHU NOHLQHU 9HUlQGHUXQJHQ JHVHKHQ LQ GHP*HQRPH(GLWLQJ3IODQ]HQ QHXHUOLFK
HGLWLHUW ZHUGHQ (XURSHDQ1HWZRUN RI 6FLHQWLVWV IRU 6RFLDO DQG (QYLURQPHQWDO 5HVSRQVLELOLW\
+LHUEHLZHUGHQ in vitroHU]HXJWH&DV3URWHLQJ51$5LERQXFOHRSURWHLQ.RPSOH[HLQGLH=HOOHHLQJHEUDFKWDQVWHOOH
YRQ '1$3ODVPLGHQPLW GHU JHQHWLVFKHQ ,QIRUPDWLRQ IU GLH 3URGXNWLRQ GLHVHV 3URWHLQNRPSOH[HV 'DPLW YHUPHLGHW
PDQDOV=ZLVFKHQVWXIHHLQHQWUDQVJHQHQ2UJDQLVPXV]XHU]HXJHQ:RRHWDO







0|JOLFKH WHFKQLNVSH]LILVFKH 5LVLNHQ ZHUGHQ YRQ PDQFKHQ LQ GHU %HVFKOHXQLJXQJ GHU 6RU
WHQHQWZLFNOXQJ LQIROJHGHUK|KHUHQ(IIL]LHQ]XQG*HVFKZLQGLJNHLW YHUJOLFKHQPLW NODVVLVFKHU
*HQWHFKQLN LQVEHVRQGHUH GXUFK GLH 0|JOLFKNHLW GHV 0XOWLSOH[LQJ JHVHKHQ +LJK &RXQFLO RI
%LRWHFKQRORJ\ ± 6FLHQWLILF &RPPLWWHH  ,QGHP GLHVH QHXHQ 6RUWHQ ODQGZLUWVFKDIWOLFKH













$P (QGH GHV $EVFKQLWWV ZLUG DXVVHUGHP DXI GLH UHFKWOLFKHQ 5DKPHQEHGLQJXQJHQ LQ GHU
6FKZHL]HLQJHJDQJHQ+LHUEHLVHLDEHUDXIGLH$UEHLWYRQ*UXEHUXQG6RPPHU.DSLWHO$E
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*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW 
ZHOFKHGLH$N]HSWDQ]YRQ*HQRPH(GLWLQJLPODQGZLUWVFKDIWOLFKHQ%HUHLFKXQWHUVXFKHQ+RSS
























x 1DWUOLFKNHLW 'LH (LQIKUXQJ DUWIUHPGHU 1XNOHLQVlXUHVHTXHQ]HQ ZLUG DOV HVVHQ]LHOOHU
)DNWRUGHUJHULQJHQ$N]HSWDQ]YRQ*92LQ(XURSDJHVHKHQ'LHVZLUGKlXILJPLW5LVLNHQ
IU*HVXQGKHLWXQG8PZHOWLQ9HUELQGXQJJHEUDFKW,VKLL	$UDNLDXQGSDVVWQLFKWLQ
GDV .RQ]HSW YRQ 1DWUOLFKNHLW DXV 6LFKW GHU .RQVXPHQWLQQHQ XQG .RQVXPHQWHQ
.URQEHUJHUHWDO(LQFLVJHQHU2UJDQLVPXVHQWKlOWNHLQHDUWIUHPGH'1$'HOZDLGH
HWDOGHVKDOEJHKHQPDQFKH$XWRULQQHQXQG$XWRUHQYRQHLQHUK|KHUHQVR]LDOHQ
$N]HSWDQ] YRQ &LVJHQHQ DXV .DPWKDQ &KDXGKXUL .DPWKDQ 	 'DWWD  3RGHYLQ
'HYRV 'DYLHV 	 1LHOVHQ  %HDFKWHQVZHUW VLQG LQ GLHVHP =XVDPPHQKDQJ XQWHU
VFKLHGOLFKH.RQ]HSWHYRQ1DWUOLFKNHLWEHL%HIUZRUWHULQQHQXQG%HIUZRUWHUQXQG.RQVX
PHQWLQQHQ XQG .RQVXPHQWHQ %HIUZRUWHULQQHQ XQG %HIUZRUWHU YRQ *HQRPH (GLWLQJ
DUJXPHQWLHUHQ 1DWUOLFKNHLW DOV bKQOLFKNHLW GHV 3URGXNWHV ]X QDWUOLFK YRUNRPPHQGHQ
3IODQ]HQ±QRFKYHUVWlUNWGXUFKGLH1LFKWQDFKZHLVEDUNHLWGHVWHFKQLVFKHQ(LQJULIIHV,QV
EHVRQGHUH WULIIW GLHVDXI6'1 lKQOLFK]XQDWUOLFKYRUNRPPHQGHQ3XQNWPXWDWLRQHQ]X
 %HL GHU &LVJHQHVH NDQQ GDV WUDQVIHULHUWH JHQHWLVFKH 0DWHULDO LQQHUKDOE GHU 6SH]LHV EH]LHKXQJVZHLVH EHL QDKH
9HUZDQGWHQ]XPLQGHVWXQWHUNRQYHQWLRQHOOHU=FKWXQJNUHX]EDUHU6SH]LHVJHIXQGHQZHUGHQZlKUHQGEHLGHU7UDQV
JHQHVHGHU*HQSRROYRQQLFKWNUHX]EDUHQ6SH]LHVIUHLQHJHQHWLVFKH0RGLILNDWLRQKHUDQJH]RJHQZLUG
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
,VKLL	$UDNL D.RQVXPHQWLQQHQXQG.RQVXPHQWHQKLQJHJHQ VFKHLQHQGLH1DWU
OLFKNHLW YRQ 3URGXNWHQ QLFKW QXU DOV ©LQ GHU 1DWXU YRUNRPPHQGª VRQGHUQ DXFK DXI GLH

















DP ZHQLJVWHQ 9HUWUDXHQ HQWJHJHQJHEUDFKW ZLUG +RSS HW DO  5R\DO 1HWKHUODQGV
$FDGHP\ RI$UWV DQG 6FLHQFHV  85686&RQVXOWLQJ /WG  (LQH7HFKQRORJLH






EHU]HXJHQG IU HLQH EUHLWHUH gIIHQWOLFKNHLW GD GDV (UQlKUXQJVSUREOHP DOV HLQ 8PYHU
WHLOXQJVSUREOHPDQJHVHKHQZLUG XQG GHQ$UJXPHQWHQ YRQ SURILWRULHQWLHUWHQ)LUPHQ QLFKW
QRWZHQGLJHUZHLVHYHUWUDXWZLUG+RSSHWDO
x 6R]LDOH )DNWRUHQ$XV GHP %HULFKW GHV GHXWVFKHQ %XQGHVLQVWLWXWV IU 5LVLNREHZHUWXQJ
%I5JHKWKHUYRUGDVV$OWHUXQG*HVFKOHFKWHLQH5ROOHEHLGHU3RVLWLRQLHUXQJJHJHQEHU
*HQRPH(GLWLQJ VSLHOHQ7HQGHQ]LHOO VFKHLQHQ -QJHUHXQG0lQQHUGHU$QZHQGXQJ YRQ
*HQRPH(GLWLQJJHJHQEHUZHQLJHUDEQHLJHQGHLQJHVWHOOW ]XVHLQ DOVbOWHUHXQG)UDXHQ
+RSSHWDO
x :LVVHQ 'DV:LVVHQ LQ GHU %HY|ONHUXQJ EHU PRGHUQHQ =FKWXQJVVWUDWHJLHQ LP$OOJH
PHLQHQ XQG *HQRPH (GLWLQJ LQ %HVRQGHUHQ ZLUG DOV JHULQJ HLQJHVFKlW]W +RSS HW DO
/XVNHWDOYDQ0LOHWDO
x 1DWLRQDOH8QWHUVFKLHGH ,Q GHU6WXGLH YRQ'HOZDLGHHW DO ZDU LQ DOOHQ /lQGHUQ
)UDQNUHLFK6SDQLHQ8.1LHGHUODQGH%HOJLHQGLH$EQHLJXQJJHJHQFLVJHQHQ5HLVNOHL
QHU DOV JHJHQEHU WUDQVJHQHP 5HLV ZDV GDUDXI KLQGHXWHW GDVV .RQVXPHQWLQQHQ XQG
.RQVXPHQWHQ ]ZLVFKHQ GHQ ]ZHL 3URGXNWHQ EH]LHKXQJVZHLVH 7HFKQRORJLHQ XQWHUVFKHL
$XIJUXQGGHUVFKZDFKHQHPSLULVFKHQ'DWHQEDVLVPXVVPLW9HUDOOJHPHLQHUXQJHQVHKUYRUVLFKWLJXPJHJDQJHQZHU
GHQ1DWLRQDOH8QWHUVFKLHGHVLQGGHQNEDU=XP%HLVSLHOVWLPPHQ.RQVXPHQWLQQHQXQG.RQVXPHQWHQDXVGHQ86$
PHKUKHLWOLFK ]X GDVV 3URGXNWH HKHU QDFK GHUHQ$XVZLUNXQJHQ DXI*HVXQGKHLW XQG8PZHOW DOV QDFK GHP+HUVWHO
OXQJVSUR]HVVEHXUWHLOWZHUGHQVROOWHQ/XVN0F)DGGHQ	:LOVRQ
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*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW 
GHQ ,Q6SDQLHQ VFKLHQ GLH JHQHUHOOH$EQHLJXQJ JHJHQ WUDQVJHQH 3URGXNWH QLHGULJHU LP
9HUJOHLFK ]X GHQ DQGHUHQ /lQGHUQ ZDV DP YRUKDQGHQHQ$QEDX YRQ JHQWHFKQLVFK YHU
lQGHUWHP0DLV OLHJHQN|QQWH:XUGHQ WUDQVJHQHRGHUFLVJHQH3URGXNWHPLW]XVlW]OLFKHQ












K|KHUH 6FKZDQNXQJVEUHLWHQ KDEHQ 'LH )UDJH QDFK HLQHU 'LIIHUHQ]LHUXQJ ]ZLVFKHQ *HQRPH
(GLWLQJ XQG*9 VHW]W DEHU HLQH (UNHQQXQJ GXUFK .RQVXPHQWLQQHQ XQG.RQVXPHQWHQ YRUDXV
(LQHVROFKH'LIIHUHQ]LHUXQJVP|JOLFKNHLW IU.RQVXPHQWLQQHQXQG.RQVXPHQWHQGXUFKHLQH]X
VlW]OLFKH RGHU SUl]LVLHUHQGH .HQQ]HLFKQXQJ YRQ *HQRPH (GLWLQJ/HEHQVPLWWHOQ XQG HQWVSUH
















 ,Q GLHVHP.DSLWHO ZXUGHQ GLH 6LFKWZHLVHQ YRQ6FKZHL]HU 6WDNHKROGHUQ XQWHUVXFKW GLH VLFK ]X13%7V H[SOL]LW LQ
'RNXPHQWHQ E]Z DXI GHU:HEVLWH ]XP7KHPDJHlXVVHUW KDEHQ%LRVXLVVH DOV'DFKYHUEDQGGHU%LRODQGZLUWVFKDIW
(LGJHQ|VVLVFKH(WKLNNRPPLVVLRQ IU GLH%LRWHFKQRORJLH LP$XVVHUKXPDQEHUHLFK (.$+(LGJHQ|VVLVFKH)DFKNRP
PLVVLRQ IU ELRORJLVFKH 6LFKHUKHLW ()%6 ,* 'HWDLOKDQGHO 6FKZHL]HU $NDGHPLH GHU :LVVHQVFKDIWHQ 6&1$7
6FKZHL]HU$OOLDQ]*HQWHFKQLNIUHL 6$*6FKZHL]HU%DXHUQYHUEDQG 6%96FLHQFH ,QGXVWULHV 6,'LH3HUVSHNWLYHQ




JLHLQGXVWULH 6FLHQFH ,QGXVWULHV EHWRQHQ GDV 3RWHQ]LDO YRQ*HQRPH(GLWLQJ XQG WUHWHQ NODU
GDIUHLQ]ZLVFKHQ*HQRPH(GLWLQJXQG*92UJDQLVPHQ]XGLIIHUHQ]LHUHQXQG*HQRPH(GL
WLQJ2UJDQLVPHQQLFKWDXWRPDWLVFKGHU*HQWHFKQLNJHVHW]JHEXQJ]XXQWHUZHUIHQLQVEHVRQGHUH





VHLQ XQG N|QQWH EHU HLQH DQJHSDVVWH *HQWHFKQLNJHVHW]JHEXQJ HUIROJHQ ,QQHUKDOE GLHVHU
*UXSSHZLUGDXIlKQOLFKH3RVLWLRQLHUXQJHQDXIHXURSlLVFKHU(EHQH]%($6$&XQGLQDQGH
UHQ/lQGHUQYHUZLHVHQ=.%6(QWVFKHLGXQJHQ LQ6FKZHGHQXQG*URVVEULWDQQLHQ$OVP|J
OLFKH 'LIIHUHQ]LHUXQJVNULWHULHQ ]ZLVFKHQ *HQRPH (GLWLQJ XQG *92UJDQLVPHQ ZHUGHQ GLH
1DFKZHLVEDUNHLW YRQ IUHPGHU '1$ ()%6 ,* 'HWDLOKDQGHO E]Z ZHQLJHU DOV  YHUlQGHUWH
1XNOHRWLGH()%6YRUJHVFKODJHQ
'HPJHJHQEHU VHKHQ YLHOH9HUWUHWHULQQHQXQG9HUWUHWHU GHU6FKZHL]HU%LRODQGZLUWVFKDIWXQG
JHQWHFKQLNIUHL2UJDQLVDWLRQHQ%LRVXLVVH6FKZHL]HU$OOLDQ]*HQWHFKIUHL6$**HQRPH(GLWLQJ
0HWKRGHQ DOV QHXH JHQWHFKQLVFKH 9HUIDKUHQ DQ GLH NODU XQWHU GLH *HQWHFKQLNJHVHW]JHEXQJ
























IUHL 	 9HUEDQG /HEHQVPLWWHO RKQH *HQWHFKQLN  'LHVH WUHWHQ IU HLQH NODUH (LQVWXIXQJ YRQ *HQRPH (GLWLQJ
2UJDQLVPHQQDFK(8*HQWHFKQLNUHFKWHLQ
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW 
©7UDQVSDUHQ]XQG*ODXEZUGLJNHLWVLQG]HQWUDOGLH.RQVXPHQWHQPHLQXQJLVWZLFKWLJ







JLJNHLW YRQ JURVVHQ6DDWJXWXQWHUQHKPHQ DOV GLHV GHU]HLW EHL*93IODQ]HQ JHJHEHQ LVW'HU
6%9VWHKWGHU$QZHQGXQJQHXHU7HFKQRORJLHQJHQHUHOOXQWHUVWW]HQGJHJHQEHUVRODQJHVLFK
GDUDXVHLQGLUHNWHU1XW]HQIU/DQGZLUWLQQHQXQG/DQGZLUWHHUJLEW
0DQFKH 6WDNHKROGHU GLIIHUHQ]LHUHQ ]ZLVFKHQ GHQ HLQ]HOQHQ 7HFKQLNHQ XQG YHUZHLVHQ GDEHL
DXIHLQHQ*UDGLHQWHQYRQ1DWUOLFKNHLW6&1$7()%6,*'HWDLOKDQGHO(.$+XQG(LQJULIIVWLH
IH(.$+'LHNRQYHQWLRQHOOH/DQGZLUWVFKDIWYHUZHLVWDXFKKLHUDXIGLH$EKlQJLJNHLWGHU3Ul
IHUHQ]HQ YRQ .RQVXPHQWLQQHQ XQG .RQVXPHQWHQ 'LH 6$* VLHKW KLQJHJHQ DOOH 13%7V DOV
*HQWHFKQLNDQ
'DV%XQGHVDPW IU/DQGZLUWVFKDIW %/:EHWRQW LQGHU ODQJIULVWLJHQ6WUDWHJLH©3IODQ]HQ]XFKW
ª GDV JURVVH 3RWHQ]LDO GHU 13%7V XQG GDVV HLQH 5HJXOLHUXQJ XQWHU GHP*HQWHFKQLN
JHVHW]HLQHEUHLWH$QZHQGXQJHLQVFKUlQNHQZUGH









HUZDUWHW ZLUG HUZDUWHW  YRQ  HUZQVFKW  YRQ 7HLOQHKPHQGHQ 6ROOWH GLH 6FKZHL]
HLQHQHLJHQVWlQGLJHQ:HJJHKHQGDQQLVW.RQVXPHQWLQQHQXQG.RQVXPHQWHQDN]HSWDQ]XQG
HLQH GHWDLOOLHUWH 5LVLNREHXUWHLOXQJ HLQH 9RUDXVVHW]XQJ ,* 'HWDLOKDQGHO (LQ 6]HQDULR GDV
DOOHQ%HWHLOLJWHQ]XVDJWLVWQDFK$QVLFKWPDQFKHUDXFKQLFKWHUIRUGHUOLFK(VN|QQWHHLQ9RUWHLO




 $EJHIUDJWHV 6]HQDULR 5HJXOLHUXQJ DQDORJ ]XP (8*HQWHFKQLNUHFKW GDV KHLVVW DOOH *HQRPH (GLWLQJ3IODQ]HQ
ZHUGHQDOV*93IODQ]HQLP6FKZHL]HU*7*HLQJHVWXIWXQGUHJXOLHUW
$EJHIUDJWHV6]HQDULR%HVWLPPWH*HQRPH(GLWLQJ3IODQ]HQ IDOOHQ QLFKW XQWHU GDV6FKZHL]HU*7* ]%*HQRPH
(GLWLQJ3IODQ]HQPLWJHULQJIJLJHQJHQHWLVFKHQ9HUlQGHUXQJHQGLHDOVVLFKHUJHOWHQGLHJHQDXH'HILQLWLRQGHU%DQG
EUHLWHGHUP|JOLFKHQ9HUlQGHUXQJHQZlUHGDEHLQRFKIHVW]XOHJHQ









OL]HQ]UHFKWOLFKHQ 5DKPHQEHGLQJXQJHQ =FKWXQJVEHWULHEHQ DXV GHP .086HJPHQW HLQHQ
=XJDQJHUODXEHQZUGHQZDULP6WDNHKROGHU:RUNVKRSXPVWULWWHQ(VZXUGHQDXFK%HIUFK





PDWLVFK DXI *HQRPH (GLWLQJ IRNXVVLHUHQ 6RUWHQHQWZLFNOXQJ XQG PRGHUQH =FKWXQJV








bQGHUXQJHQ NDQQ *HQRPH (GLWLQJ GXUFK VLPXOWDQH RGHU VHTXHQ]LHOOH bQGHUXQJHQ HLQH
QHXH4XDOLWlWEHZLUNHQ
x (LQH'LVNXVVLRQGD]XVROOWHQDFK$QVLFKWPDQFKHU$NWHXULQQHQXQG$NWHXUHQLFKWWHFKQR
ORJLHJHWULHEHQ VHLQ XQG QXU DXI *HQRPH (GLWLQJ IRNXVVLHUHQ VRQGHUQ SUREOHPRULHQWLHUW
HQWODQJ EUHLWHUHU )UDJHQ JHIKUW ZHUGHQ :HOFKH /DQGZLUWVFKDIW ZROOHQEUDXFKHQ ZLU"
*HQRPH(GLWLQJNDQQGDEHLHLQH7HLODQWZRUWVHLQ
8QWHUVWW]HQGIUHLQHVROFKH'LVNXVVLRQZlUHQIROJHQGH(OHPHQWH
x .OlUXQJ YRQ RIIHQHQ )UDJHQ ]X5LVLNHQ ± QXUZHQQ GLHV HUIROJW N|QQHQ)RUVFKXQJ XQG
3ROLWLNGDUDXIUHDJLHUHQ




























DXFK KLHU EHVWLPPWH 5HIHUHQ]LQIRUPDWLRQHQ HUIRUGHUOLFK ]% GLH *HQRPVHTXHQ] GHV$XV
JDQJVRUJDQLVPXV7HFKQLVFKP|JOLFKZlUHHVJDQ]H*HQRPDEVFKQLWWHRGHU*HQRPH]XVH
TXHQ]LHUHQ:KROH*HQRPH6HTXHQFLQJRGHUELRLQIRUPDWLVFKH$QDO\VHQGXUFK]XIKUHQ*H
ULQJIJLJH 8QWHUVFKLHGH WUHWHQ DEHU HEHQIDOOV GXUFK VSRQWDQH 0XWDWLRQHQ DXI +LJK /HYHO
*URXSRI6FLHQWLILF$GYLVRUVXQGZlUHQGDKHUQLFKW]ZLQJHQGHLQHU9HUlQGHUXQJGXUFK
*HQRPH(GLWLQJ ]XRUGHQEDU$XVVHUGHP LVW GLH LQKlUHQWH)HKOHUUDWHGLHVHU6HTXHQ]LHUXQJV
PHWKRGHQ]XEHDFKWHQGLHHVHUVFKZHUHQZUGHHLQHNOHLQH9HUlQGHUXQJ]ZHLIHOVIUHLIHVW]X
VWHOOHQ 'XHQVLQJHW DO 'D]XNRPPWQRFK GDVV VROFKH9HUIDKUHQEHL3IODQ]HQRGHU
7LHUHQ DXV =HLW XQG .RVWHQJUQGHQ QLFKW IU HLQH URXWLQHPlVVLJH$QZHQGXQJ LQIUDJH NRP
PHQVRQGHUQHKHUIUVSH]LHOOH6LWXDWLRQHQZLH]%5HFKWVVWUHLWLJNHLWHQ+LJK&RXQFLORI%LR
WHFKQRORJ\±6FLHQWLILF&RPPLWWHH(LQH$QZHQGXQJIU0LNURRUJDQLVPHQGHXWOLFKNOHL
QHUHU *HQRPH NRPPW HKHU LQIUDJH +LJK /HYHO *URXS RI 6FLHQWLILF$GYLVRUV $NWXHOO





GHU (XURSlLVFKHQ.RPPLVVLRQ -RLQW5HVHDUFK&HQWUH -5& YDOLGLHUHQ ODVVHQ 6DDWJXW /H






PDWLRQHQ EHU GLH$XVJDQJVRUJDQLVPHQ YRQ 6DDWJXW /HEHQVPLWWHO RGHU )XWWHUPLWWHO]XWDWHQ
YHUIJEDUVLQG





ELVODQJNHLQHDQDO\WLVFKH0|JOLFKNHLW IHVW]XVWHOOHQZLHGLH9HUlQGHUXQJHQWVWDQGHQ LVW ]%
GXUFK*HQRPH(GLWLQJ*HQWHFKQLN%HVWUDKOXQJRGHUDQGHUHPXWDJHQH$JHQ]LHQRGHU6SRQ





























'D VLFK GLHVH )UDJHQ EHL GHU]HLWLJHP :LVVHQVVWDQG QLFKW KLQUHLFKHQG EHDQWZRUWHQ ODVVHQ
HUJLEWVLFKGDUDXV.OlUXQJVXQG+DQGOXQJVEHGDUILQIROJHQGHU+LQVLFKW
x *HQDXHUH$ENOlUXQJZDV GXUFK GLH GHU]HLWLJH$QDO\WLN XQG.RQWUROOUHJLPH LQ GHU 3UD[LV
























3URPRWRUHQ 7HUPLQDWRUHQ 5HVLVWHQ]JHQHQ XQG VRPLW QLFKW HYHQWVSH]LILVFK VLQG &2*(0
'DV-5&KDWGD]XHLQVWXILJH9HUIDKUHQHQWZLFNHOW5RVDHWDO6ROFKH9HUIDKUHQ
VLQGIU6'1XQG6'19HUlQGHUXQJHQQLFKWDQZHQGEDU+LHUPXVVQDFKHYHQWVSH]LILVFKHQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ










GLHVH LQWHUQDWLRQDO YHUIJEDU JHPDFKW ZHUGHQ N|QQWHQ 'DV *02)UHH 5HJLRQV 1HWZRUN































LQGHU(8 QRFKQLFKWGHU)DOO LVW DV\PPHWULVFKH=XODVVXQJHQ=XPDQGHUHQ WUHWHQ LPPHU
DXFK )lOOH DXI LQ GHQHQ 6SXUHQ YRQ *93V JHIXQGHQ ZHUGHQ GLH LQ GHU (8 QRFK NHLQH
0DUNW]XODVVXQJ KDEHQ =X EHLGHQ7KHPHQ JLEW HV DXVIKUOLFKH (U|UWHUXQJHQ LQ GHUZLVVHQ
VFKDIWOLFKHQ /LWHUDWXU XQG LQ 3ROLF\GRNXPHQWHQ VRZLH $NWLYLWlWHQ DXI LQWHUQDWLRQDOHU (EHQH
6WLFKZRUWORZOHYHOSUHVHQFHVLHKH2(&'
'LHVH )UDJHQ VLQG YRQ KRKHU5HOHYDQ] ZHLO LP )DOO HLQHV1DFKZHLVHV YRQ LQ GHU (8 QLFKW
DXWRULVLHUWHQ*93GLH3URGXNWHQLFKW LPSRUWLHUWZHUGHQGUIHQE]ZDXVGHP9HUNHKUJHQRP
PHQZHUGHQPVVHQ$XVQDKPHQVLQG)XWWHUPLWWHO%HLGLHVHQZLUG LQEHVWLPPWHQ)lOOHQHLQ
6FKZHOOHQZHUW YRQ  HUODXEW 'DV KDW ZLHGHUXP KDIWXQJVUHFKWOLFKH XQG |NRQRPLVFKH
,PSOLNDWLRQHQXQGN|QQWHDXFKLP)DOOYRQ*92GLHDXV)HOGYHUVXFKHQVWDPPHQXQGQRFKLQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ

























*HVHW]OLFKH*UXQGODJH IU 3URGXNWLRQ XQG9HUPDUNWXQJ YRQ%LRSURGXNWLRQ LVW GLH 6FKZHL]HU






OLFKHQ 5DKPHQEHGLQJXQJHQ DXFK *HQWHFKQLNIUHLKHLW YRQ )XWWHUPLWWHO]XVlW]HQ ZLH (Q]\PHQ
RGHU9LWDPLQHQHUIRUGHUQZHOFKHRIWPLWKLOIHYRQJHQWHFKQLVFKYHUlQGHUWHQ0LNURRUJDQLVPHQ
KHUJHVWHOOW ZHUGHQ )U GHQ([SRUW LQ DQGHUH /lQGHU LVW HLQH GHUDUWLJH$XVOREXQJ DOOHUGLQJV
HUODXEW
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*HQRPH(GLWLQJLQGHU3IODQ]HQ]XFKW 






GHQ] LVW VWHLJHQG $XV 6LFKW GHU /HEHQVPLWWHOKHUVWHOOHQGHQ XQG GHV .RQVXPHQWLQQHQ XQG
.RQVXPHQWHQVFKXW]HV VWHOOHQ VLH HLQ VWlQGLJHV 3UREOHP GDU 6+: &2&(5$/ >R-@ %HL
'LVNXVVLRQHQ YRQ *HQRPH (GLWLQJ ZXUGH KlXILJ EHWRQW GDVV PDQFKH *HQRPH (GLWLQJ






















'LHVH (UNOlUXQJ NDQQ DOV +LQZHLV LQWHUSUHWLHUW ZHUGHQ GDVV GHU 6FKZHL]HU %XQGHVUDW QLFKW
]ZDQJVOlXILJGHU(85HFKWVSUHFKXQJIROJHQP|FKWHGLHDOOH*HQRPH(GLWLQJ2UJDQLVPHQDOV
*92 HLQVWXIW XQG GHQVHOEHQ 0DUNW]XODVVXQJVDQIRUGHUXQJHQ XQWHUZLUIW ZLH NODVVLVFKH *92
2E XQG LQZHOFKHP8PIDQJ GLHVH$EVLFKW GHV%XQGHVUDWV UHFKWOLFK XQG SROLWLVFK XPJHVHW]W

©'LHSIODQ]OLFKHQ3URGXNWHVWDPPHQDXVGHP$QEDXYRQJHQWHFKQLVFKQLFKWYHUlQGHUWHQ3IODQ]HQ'LHWLHULVFKHQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
ZHUGHQNDQQ OlVVWVLFK]XP%HULFKWV]HLWSXQNWQLFKWDEVFKlW]HQ+LOIUHLFKGDEHL LVW MHGHQIDOOV







IRUWODXIHQG DQ GHQ )RUWVFKULWW YRQ:LVVHQVFKDIW XQG 7HFKQLN DQSDVVHQ ]X N|QQHQ (LQH
DQDORJH'LVNXVVLRQEDKQWVLFKDNWXHOODXFKLQGHU(8DQ




Ǧ $QDO\VH YRQ 2SWLRQHQ XQG *UHQ]HQ IU .RH[LVWHQ] HLQHU /DQGZLUWVFKDIW XQG 3UR
GXNWLRQPLW*HQRPH(GLWLQJ3IODQ]HQPLWNRQYHQWLRQHOOHPE]Z%LRODQGZLUWVFKDIW
)ROJW GLH6FKZHL] GHU (8*HVHW]HVODJH QLFKW RGHU QLFKW ]XU*lQ]HZUGHQ LQ GHU 6FKZHL]
]ZDUUHFKWOLFKJQVWLJHUH%HGLQJXQJHQIUGLH(QWZLFNOXQJXQG9HUPDUNWXQJYRQNRPPHU]LHO
OHQ *HQRPH (GLWLQJ6RUWHQ JHVFKDIIHQ ,Q GLHVHP OLEHUDOHUHQ 6]HQDULR EOHLEW DEHU GHQQRFK
RIIHQ RE GLHVH7HFKQRORJLH HQWODQJ GHU:HUWVFK|SIXQJVNHWWH XQG YRQ.RQVXPHQWLQQHQ XQG
.RQVXPHQWHQ PLW *HQWHFKQLN JOHLFKJHVHW]W RGHU RE ]ZLVFKHQ *HQRPH (GLWLQJ2UJDQLVPHQ
XQG*92GLIIHUHQ]LHUWZHUGHQZUGH
)ROJW GLH 6FKZHL] GHU (8*HVHW]HVODJH VWHOOHQ VLFK YRUDXVVLFKWOLFK SULPlU GLH )UDJHQ YRQ












WLVFKH 9HUlQGHUXQJHQ DXVVHUKDOE GHU =LHOUHJLRQ 'DV 6SHNWUXP YRQ*HQRPH(GLWLQJ UHLFKW
YRQNOHLQVWHQ9HUlQGHUXQJHQ]%$XVWDXVFKYRQHLQ]HOQHQ1XNOHRWLGHQELVKLQ]XU,QVHUWLRQ
RGHU'HOHWLRQYRQPHKUHUHQ*HQHQJHVWDIIHOWHRGHUVLPXOWDQH9HUlQGHUXQJHQYRQ*HQHQVLQG
HEHQIDOOV P|JOLFK )RUVFKXQJV XQG (QWZLFNOXQJVDUEHLWHQ IU QHXH 3IODQ]HQVRUWHQ N|QQHQ
GDGXUFKHUKHEOLFKEHVFKOHXQLJWXQGQHXH$QZHQGXQJHQHUP|JOLFKWZHUGHQ



























GHUXQJHQ UHFKWOLFK JHVHKHQ DOV *HQWHFKQLN LVW GDYRQ DXV]XJHKHQ GDVV VLFK GLH 6RUWHQ
HQWZLFNOXQJHQ ZHLWHUKLQ DXI ELVKHU YHUZHQGHWH XQG DN]HSWLHUWH 7HFKQRORJLHQ NRQ]HQWULHUW




GRFK QRFK GHXWOLFKHU KHUYRU DOV ]XYRU EHL NODVVLVFK JHQWHFKQLVFK YHUlQGHUWHQ3IODQ]HQ )U




QHQ QHXHQ$XIWULHE HUKlOW 6ROOWH HV DEHU GXUFK0DVVQDKPHQ GHU /HEHQVPLWWHONRQWUROOH XQG
5FNYHUIROJEDUNHLW QLFKW JHOLQJHQ *HQWHFKQLNIUHLKHLW XQWHU (LQVFKOXVV YRQ JHQRPHGLWLHUWHQ
3IODQ]HQ XP]XVHW]HQ N|QQWH GLHV LQGHUPLWWHO ELV ODQJIULVWLJHQ3HUVSHNWLYH GHQJHVDPWHQ
6HNWRUGHUJHQWHFKQLNIUHLHQ3URGXNWLRQXQWHU+DQGOXQJVGUXFNEULQJHQ
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ









GLH JHQWHFKQLNIUHLH 3URGXNWLRQ HUVFKZHUHQ GD GLH *HQWHFKQLNIUHLKHLW EHU =HUWLILNDWH ]ZDU
UFNYHUIROJWDEHUQLFKWPHKUGXUFK$QDO\VHQNRQWUROOLHUWZHUGHQNDQQ











'LH 'LVNXVVLRQ ]X GHQ 5LVLNHQ HUIROJWH ELVODQJ ZHLWHVWJHKHQG HQWODQJ EHNDQQWHU 3RVLWLRQHQ























NHLQH UDVFKHQ (QWZLFNOXQJHQ ]X HUZDUWHQ VLQG N|QQWH GLHV DXFK GHU 6FKZHL] DXVUHLFKHQG
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 *HQRPH(GLWLQJLQGHU7LHU]XFKW
Caroline Hammer und Armin Spök 
.XU]	NQDSS








JHQ ZHUGHQ DOV ]HQWUDO KLQVLFKWOLFK GHU $N]HSWDQ] DQJHVHKHQ LQ GHU 6FKZHL] LVW GLH :UGH GHU .UHDWXU LP
6FKZHL]HU%XQGHVYHUIDVVXQJVJHVHW]YHUDQNHUW
x *HQWHFKQLVFK YHUlQGHUWH 7LHUH IU /HEHQVPLWWHO VLQG GXUFK GDV 6FKZHL]HU *HQWHFKQLNJHVHW] YHUERWHQ )DOOHQ
JHQRPHGLWLHUWH7LHUHXQWHUGDV*HQWHFKQLNJHVHW] LVWHLQH$QZHQGXQJDXI%LRSKDUPLQJEHVFKUlQNW$XFKZHQQ
PDQFKHJHQRPHGLWLHUWH7LHUHQLFKWXQWHUGDV*HQWHFKQLNJHVHW]IDOOHQVFKHLQHQ=FKWHULQQHQXQG=FKWHUGHU]HLW
HLQH $QZHQGXQJ QLFKW DQ]XVWUHEHQ (EHQVR LVW HLQH $N]HSWDQ] GXUFK $NWHXULQQHQ XQG $NWHXUH GHU 1DK
UXQJVPLWWHONHWWHXQGYRQ.RQVXPHQWLQQHQXQG.RQVXPHQWHQLQGHU6FKZHL]IUDJOLFK











'DV YRUOLHJHQGH.DSLWHO OHJW GHQ)RNXVDXI GHQ(LQVDW] YRQ*HQRPH(GLWLQJ LQ6FKZHLQHQ
=LHJHQ5LQGHUQ6FKDIHQ*HIOJHO XQG)LVFKHQ ]XPHLQHQ LP ODQGZLUWVFKDIWOLFKHQ.RQWH[W
]XU(U]HXJXQJYRQ/HEHQVPLWWHOQ ]XPDQGHUHQ]XU(U]HXJXQJYRQSKDUPD]HXWLVFKHQ:LUN
VWRIIHQ1XW]WLHUHZHUGHQGDUEHUKLQDXVDOV9HUVXFKVWLHUHLQGHUELRPHGL]LQLVFKHQ)RUVFKXQJ
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ





'LH0|JOLFKNHLWHQ XQG+HUDXVIRUGHUXQJHQ EHL GHU7LHU]XFKW VLQG LQ GHU 6FKZHL] QHEHQ ELR
WHFKQRORJLVFKHQ)UDJHQGDYRQDEKlQJLJREXQGLQZHOFKHQ)lOOHQPLW*HQRPH(GLWLQJYHUlQ
GHUWH7LHUHDXFKJHQWHFKQLVFKYHUlQGHUWH2UJDQLVPHQ *92 LP6LQQHGHV6FKZHL]HU*HQ
WHFKQLNJHVHW]HV *7* GDUVWHOOHQ %LV0LWWH  GRPLQLHUWH LQ GHU (XURSlLVFKHQ8QLRQ GLH
(LQVFKlW]XQJ GDVV HV LQQHUKDOE GHU (8 ]X HLQHU UHFKWOLFKHQ 'LIIHUHQ]LHUXQJ ]ZLVFKHQ EH
VWLPPWHQ*HQRPH(GLWLQJ2UJDQLVPHQXQG*92NRPPHQZLUG'DV8UWHLOGHV(XURSlLVFKHQ
*HULFKWVKRIHV (X*+ YRP  &DVH & VWHOOWH NODU GDVV *HQRPH (GLWLQJ





,Q GLHVHP .DSLWHO ZHUGHQ (LQVDW]P|JOLFKNHLWHQ YRQ *HQRPH (GLWLQJ LQ GHU 7LHU]XFKW VRZLH














.UDQNKHLWVUHVLVWHQ]HQ RGHU GLH (UK|KXQJ GHV (UWUDJV ]X EHZLUNHQ (OWHUQWLHUH ZHUGHQ IU






ZHUWHQ GHQ =FKWXQJVSUR]HVV XQWHUVWW]HQ VROOHQ =XFKWZHUWH VLQG:HUWH GLH VLFK DXI HLQH
EHVWLPPWHJHZQVFKWH(LJHQVFKDIWEH]LHKHQXQGDQKDQGGHUHU9HUHUEXQJVZDKUVFKHLQOLFKNHL
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*HQRPH(GLWLQJLQGHU7LHU]XFKW 

WHQ EHL EHVWLPPWHQ .UHX]XQJVSUR]HVVHQ DEJHVFKlW]W ZHUGHQ N|QQHQ:lKUHQG =XFKWZHUWH























DEHU QRFK NHLQH HWDEOLHUWHQ .HLPEDKQ]HOOOLQLHQ YRQ 7LHUDUWHQ GLH IU GLH 7LHU]XFKW UHOHYDQW
VLQG
(LQ ZHLWHUHUZLFKWLJHU (QWZLFNOXQJVVFKULWW EUDFKWH GDV .ORQHQ YRQ1XW]WLHUHQ YLD 6&17 VR
PDWLF FHOO QXFOHDU WUDQVIHU XP JHQHWLVFK LGHQWLVFKH ,QGLYLGXHQ ]X HU]HXJHQ 'DEHL ZHUGHQ
HWDEOLHUWH=HOOOLQLHQDXV.|USHU]HOOHQKHUDQJH]RJHQ'HU=HOONHUQHLQHUVROFKHQ=HOOHZLUGHQW








IU GLHJHQHWLVFKH9DULDELOLWlW HLQHV'1$$EVFKQLWWV LQQHUKDOE HLQHU3RSXODWLRQ613VN|QQHQ$XVZLUNXQJHQDXI GLH
7UDQVNULSWLRQDEHUDXFKDXIGDV3URWHLQVHOEHUKDEHQ
'DV%XOOV*HQRPH3URMHFW OlXIWVHLWXQGKDWPLWWOHUZHLOHGLH*HQRPHYRQZHOWZHLWDXVJHZlKOWHQ
5LQGHUQPLW GHP =LHO VHTXHQ]LHUW GLHVH ,QIRUPDWLRQHQ LQ HLQHU 'DWHQEDQN ]XU 9HUIJXQJ ]X VWHOOHQ 'DEHL VROO GLH



















9LHOH (QWZLFNOXQJVDUEHLWHQ ]LHOHQ DXI HLQH ELRPHGL]LQLVFKH$QZHQGXQJ WUDQVJHQHU 7LHUH DE
/DERUWLHUHXQG7LHUH]XU+HUVWHOOXQJ YRQSKDUPD]HXWLVFK UHOHYDQWHQ6XEVWDQ]HQ±%LRSKDU









,Q GHQ *HQRPH (GLWLQJ9HUIDKUHQ VHKHQ :LVVHQVFKDIWOHULQQHQ XQG :LVVHQVFKDIWOHU VRZLH
=FKWHULQQHQXQG=FKWHUGLH0|JOLFKNHLWPDQFKH+HUDXVIRUGHUXQJHQNRQYHQWLRQHOOHU=FK
WXQJXQGGHU NODVVLVFKHQ*HQWHFKQLN ]XEHUZLQGHQ 5XDQ;X&KHQ7VDL	/L 'DV
HUVWH *HQRPH (GLWLQJ9HUIDKUHQ GDV EHL 7LHUHQ ]XP (LQVDW] NDP QXW]WH 0HJDQXNOHDVHQ
GHUHQ'HVLJQVLFKDEHUDOVVHKUDXIZHQGLJKHUDXVVWHOOWH$NWXHOOZHUGHQ]XPHLVW=)17$/(1
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*HQRPH(GLWLQJLQGHU7LHU]XFKW 
 $QZHQGXQJHQXQG&KDQFHQ
bKQOLFKZLHEHL GHU3IODQ]HQ]XFKW LVW DXFK LQGHU7LHU]XFKW HLQH VWDUN ]XQHKPHQGH1XW]XQJ








,P)ROJHQGHQZHUGHQ*HQRPH(GLWLQJ$QZHQGXQJHQ LP%HUHLFK GHU0LOFK XQG )OHLVFKSUR
GXNWLRQ LP %HUHLFK GHU $TXDNXOWXU XQG ]XU +HUVWHOOXQJ ELRSKDUPD]HXWLVFKHU 3URGXNWH EH
VFKULHEHQ (LQH hEHUVLFKW YRQ DNWXHOOHQ )RUVFKXQJV XQG (QWZLFNOXQJVDNWLYLWlWHQ LQ GLHVHP
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
7DE )RUVFKXQJVXQG(QWZLFNOXQJVDNWLYLWlWHQ]X*HQRPH(GLWLQJ7LHUHQ
9HUlQGHUWHV*HQ *(0HWKRGH 7LHUDUW =FKWXQJV]LHO /LWHUDWXUUHIHUHQ]
0LOFKXQG)OHLVFKSURGXNWLRQ
7LHUZRKO
3ROOHGORFXV 7$/(1 5LQG +RUQORVLJNHLW &DUOVRQHWDOD










15$03 &DVQLFDVH 5LQG 7XEHUNXORVH5HVLVWHQ] *DRHWDO
63 7$/(1 5LQG 7XEHUNXORVH5HVLVWHQ] +:XHWDO










*')0671 =)1 5LQG (UK|KWH0XVNHOPDVVH -/XRHWDO
*')0671 7$/(1 5LQG (UK|KWH0XVNHOPDVVH 3URXGIRRWHWDOH
6/,&.7UDLW 7$/(1 5LQG +LW]HUHVLVWHQ] 0F.R\
*')0671 7$/(1 6FKDI (UK|KWH0XVNHOPDVVH 3URXGIRRWHWDOH
0671 7$/(1 6FKZHLQ (UK|KWH0XVNHOPDVVH -'.DQJHWDOI
0671 &5,635&DV 6FKDI (UK|KWH0XVNHOPDVVH +DQHWDO
*') &5,635&DV =LHJH (UK|KWH0XVNHOPDVVH 1LHWDO
*') &5,635&DV =LHJH :XUIJU|VVH <1LXHWDO
3URGXNWTXDOLWlW
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*HQRPH(GLWLQJLQGHU7LHU]XFKW 
9HUlQGHUWHV*HQ *(0HWKRGH 7LHUDUW =FKWXQJV]LHO /LWHUDWXUUHIHUHQ]








)*) &5,635&DV 6FKDI :ROOHLJHQVFKDIW :5/LHWDO
8&3 &5,365&DV 6FKZHLQ 5HGX]LHUWHU)HWWJHKDOW =KHQJHWDO
$TXDNXOWXU
7LHUVFKXW]
$) =)1 .DQDOZHOV 6WHULOLWlW 4LQHWDO
.UDQNKHLWVUHVLVWHQ]





PVWQE &5,635&DV .DUSIHQ (UK|KWH0XVNHOPDVVH .KDOLOHWDO
QD QD %DUVFK (UK|KWHU(UWUDJ ,QWUH[RQK
5HSURGXNWLRQ





































ZHOWZHLW DXI XQGZLUG YRQ 9LUHQ YHUXUVDFKW (LQH ,QIHNWLRQ IKUW XQWHU DQGHUHP ]X )LHEHU$WHPVFKZLHULJNHLWHQ EHL
WUlFKWLJHQ 7LHUHQ ]X XQWHUHQWZLFNHOWHQ )HUNHOQ < /L HW DO  XQG NDQQ W|GOLFK HQGHQ ,PSIVWRIIH ZXUGHQ ]ZDU
HQWZLFNHOWHUZLHVHQVLFKMHGRFKDXIJUXQGGHUKRKHQJHQHWLVFKHQ9DULDELOLWlWGHV9LUXVDOVZHQLJHUIROJUHLFK<DQIDQJ
:DQJHWDO
 NRQQWH PLWWHOV &5,635&DV HLQ IU GLH 3665,QIHNWLRQ UHOHYDQWHV *HQ &' DXVJHVFKDOWHW ZHUGHQ
:KLWZRUWKHWDO'HUHUIROJUHLFKH.QRFNRXWGLHVHV*HQVIKUWHEHL,QIHNWLRQPLWGHP9LUXV]XNHLQHP$XVEUXFK












PLW GHQ %HLQHQ DXIJUXQG GHV K|KHUHQ *HZLFKWV KDEHQ %DUWVFK HW DO  1LHPDQQ 	 3HWHUVHQ  'LHVH
3UREOHPH ZHUGHQ DXI HLQH DQGHUH VSH]LILVFKH 0XWDWLRQHQ ]XUFNJHIKUW 'LH )RUVFKXQJ YHUVXFKW QXQ HLQ YHU
VWlUNWHV 0XVNHOZDFKVWXP EHL JOHLFK]HLWLJHP 0LQLPLHUHQ RGHU (OLPLQLHUHQ GLHVHU GLH *HVXQGKHLW EHHLQWUlFKWLJHQGHQ
1HEHQHIIHNWH]XHUUHLFKHQ&2*(0*HQRPH(GLWLQJHUP|JOLFKWGDEHLHLQUDVFKHV8PVHW]HQXQG$XVSURELHUHQ
XQWHUVFKLHGOLFKHUJHQHWLVFKHUbQGHUXQJHQ
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*HQRPH(GLWLQJLQGHU7LHU]XFKW 
(LQ.QRFNRXWGHV0\RVWDWLQJHQVGXUFK*HQRPH(GLWLQJLVWPLWWOHUZHLOHEHL5LQGHUQ6FKZHLQHQ6FKDIHQXQG=LHJHQ
HUIROJUHLFK GXUFKJHIKUW ZRUGHQ %DUWVFK HW DO  VLHKH DXFK hEHUVLFKWVWDEHOOH 0DQFKH GHU JHQRPHGLWLHUWHQ
7LHUH EHL GHQHQ EHLGH .RSLHQ GHV 0\RVWDWLQJHQV PRGLIL]LHUW ZRUGHQ ZDUHQ ]HLJWHQ PLWXQWHU H[WUHPHV 0XVNHO
ZDFKVWXP%HLPDQFKHQNRQQWHQDXFKGLHEHVFKULHEHQHQJHVXQGKHLWOLFKHQ3UREOHPHUHSURGX]LHUWZHUGHQ7LHUHPLW
QXU HLQHPPRGLIL]LHUWHQ*HQ ]HLJWHQ KLQJHJHQ QXUPRGHUDW JHVWHLJHUWHV0XVNHOZDFKVWXP RKQH GLH EHVFKULHEHQHQ
JHVXQGKHLWOLFKHQ%HHLQWUlFKWLJXQJHQ 7DLW%XUNDUGHWDO$NWXHOO LVWHV MHGHQIDOOV]X IUKXPGHQ%HLWUDJYRQ
*HQRPH (GLWLQJ LP =XVDPPHQKDQJ PLW GHP =FKWXQJV]LHO GHU 6WHLJHUXQJ GHU )OHLVFKSURGXNWLRQ HLQVFKlW]HQ ]X
N|QQHQ
'LHVHV%HLVSLHO]HLJWGDVV1HEHQHIIHNWHXQDEKlQJLJYRQGHU=FKWXQJVWHFKQLNDXIWUHWHQN|Q
QHQ$XV HWKLVFKHU 3HUVSHNWLYH ZlUH KLHU GLH MHZHLOLJH =FKWXQJVWHFKQLN YHUPXWOLFK ZHQLJHU
UHOHYDQW9LHOHKHUZUGHQGLH=FKWXQJV]LHOHXQGP|JOLFKH*UHQ]HQGHU$QSDVVXQJYRQ1XW]
WLHUHQDQGLH=ZHFNHGHULQGXVWULHOOHQODQGZLUWVFKDIWOLFKHQ3URGXNWLRQ]XU'HEDWWHVWHKHQ'DU










ORVLJNHLW GRPLQDQW YHUHUEW ZLUG ZlUH HV JUXQGVlW]OLFK P|JOLFK GLH 0LOFKOHLVWXQJHQ YRQ KRUQORVHQ 5DVVHQ GXUFK
.UHX]XQJVSUR]HVVHZLHGHU]XHUK|KHQ'LHVZUGHDEHUEHUPHKUHUH*HQHUDWLRQHQGDXHUQXQGHLQHQVHKUKRKHQ
=HLWDXIZDQGHUIRUGHUQ





























 'DV OLHJW XQWHU DQGHUHP GDUDQ GDVV ELVODQJ QLFKW VR YLHOH ZLUWVFKDIWOLFK UHOHYDQWH
)LVFKDUWHQYROOVWlQGLJVHTXHQ]LHUWZXUGHQ%=KX	*H
6HLWGHQHU-DKUHQZLUGEHUHLWVDQWUDQVJHQHQ)LVFKOLQLHQJHDUEHLWHW(QWODQJYRQEHUHLWV





JHQH 7LHU GDV LQ PDQFKHQ /lQGHUQ ]XU 9HUPDUNWXQJ DOV /HEHQVPLWWHO ]XJHODVVHQ ZXUGH
/HGIRUGE'LHVHU/DFKVHQWKlOW]ZHL*HQHDXVDQGHUHQ)LVFKDUWHQGLHHLQVFKQHOOHUHV








MlKUOLFKJHQHKPLJW 86 )RRG	'UXJ$GPLQLVWUDWLRQ)'$ ,QVJHVDPWKDW GHU=XODV
VXQJVSUR]HVVLQGHQ86$-DKUHJHGDXHUW'UDSDFN:DOW]D
$TXD%RXQW\ DUEHLWHW DNWXHOO DXFK DQ HLQHP PLW *HQRPH (GLWLQJ YHUlQGHUWHQ 7LODSLD %XQW
EDUVFK]XVDPPHQPLW,QWUH[RQ,QWUH[RQ±VLHKH,QIRER[




'LH )LUPHQ ,QWUH[RQ XQG$TXD%RXQW\ HQWZLFNHOQ DNWXHOO HLQHQPLW *HQRPH (GLWLQJ YHUlQGHUWHQ 7LODSLDPLW K|KHUHU
)LOHWDXVEHXWHXQGVFKQHOOHUHP:DFKVWXPYHUJOLFKHQPLW6WlPPHQDXVNRQYHQWLRQHOOHU=FKWXQJ'LHXQJHNOlUWH)UDJH
GHU.HQQ]HLFKQXQJEHLP WUDQVJHQHQ/DFKVKDW GLH(QWZLFNOHU DOOHUGLQJV YHUDQODVVW DQGHUH0lUNWHDOVXUVSUQJOLFK
DQJHGDFKWDQ]XYLVLHUHQ0D[PHQ(VVFKHLQWDOVREGLHDUJHQWLQLVFKH*HQWHFKQLNNRPPLVVLRQ&21%,$GLHVHQ
)LVFKQLFKWDOV*92HLQVWXIHQZUGH7KH)LVK6LWH'LHVHU7LODSLD6WDPPN|QQWHVRPLWGDVHUVWHPLW*HQRPH
(GLWLQJPRGLIL]LHUWH7LHU VHLQ GDV IU /HEHQVPLWWHO]ZHFNHXQG RKQH VSH]LILVFKH.HQQ]HLFKQXQJ ]XJHODVVHQZHUGHQ
ZUGH
7LODSLD ]lKOW QHEHQ /DFKV XQG 7KXQILVFK ]X GHQ DP PHLVWHQ NRQVXPLHUWHQ )LVFKHQ XQG ZLUG ZHOWZHLW H[SRUWLHUW
,QWUH[RQ
 %LRSKDUPLQJ+HUVWHOOXQJELRSKDUPD]HXWLVFKHU3URGXNWH




.XHVXQG1LHPDQQ OLVWHQLQ LKUHUhEHUVLFKWGUHL LQGHU(8]XJHODVVHQH:LUNVWRIIHDXV
=LHJHQPLOFK.DQLQFKHQPLOFKXQG+KQHUHLHUQDXI=DKOUHLFKHZHLWHUH3URGXNWHEHILQGHQVLFK
LQ XQWHUVFKLHGOLFKHQ6WDGLHQ GHU NOLQLVFKHQ3UIXQJ ]XPLQGHVW ]ZHL 3URGXNWH KDEHQ EHUHLWV
HLQIRUWJHVFKULWWHQHV6WDGLXPHUUHLFKW.XHV	1LHPDQQ±VLHKHDXFK7DE
'XUFK *HQRPH (GLWLQJ HUKRIIW PDQ VLFK ZHVHQWOLFKH ,PSXOVH EHL GLHVHQ (QWZLFNOXQJHQ 0LW
0HWKRGHQGHUNODVVLVFKHQ*HQWHFKQLNLVWQXUHLQH]XIlOOLJH,QVHUWLRQGHVHLQJHEUDFKWHQ*HQV
LQWLHULVFKH*HQRPHP|JOLFK,P*HQRPH(GLWLQJZLUGQXQGLH0|JOLFKNHLWJHVHKHQ*HQHJH


































GXNWLRQVDQODJHQ VHKU YLHO HLQIDFKHU GXUFK 8QIlOOH XQG :HWWHUSKlQRPHQH *HQRPH (GLWLQJ
















IU ,QQQRYDWLRQHQ LQ GHU7LHU]XFKWLQGXVWULH MHGHQIDOOV DOV HQWVFKHLGHQG DQJHVHKHQ 6LPLDQHU











ZHLOV LQGLYLGXHOOHQ /HEHQV]\NOXV GHQ HLJHQHQ 5HSURGXNWLRQVGUDQJ XQG GHU %HGHXWXQJ EH]LH
KXQJVZHLVHGHP3ODW]GHQHLQ2UJDQLVPXVLPMHZHLOLJHQgNRV\VWHPKlOW&2*(0'D








6\PSRVLXP ]X ©*HQH (GLWLQJ LQ$QLPDOVª GDV LP 2NWREHU  VWDWWIDQG ©7KH UHODWLRQVKLS
EHWZHHQKXPDQVDQGDQLPDOVLVEDFNRQWKHDJHQGDª&2*(0
=XPHLQHQQLPPWGLHNRPSOH[H0HQVFK7LHU%H]LHKXQJGLHDXFKNXOWXUHOOXQGUHOLJL|VJHSUlJW












QRPH(GLWLQJ ]XU 9HUIJXQJ VWHKHQ .DQQ EHLVSLHOVZHLVH GLH 9HUOHW]XQJVJHIDKU EHL 5LQGHUQ
VRZRKOPLW JHQHWLVFKHU+RUQORVLJNHLWPLW SK\VLVFKHU(QWKRUQXQJXQGPLW HLQHPYHUlQGHUWHQ
6WDOOPDQDJHPHQWUHGX]LHUWZHUGHQVSLHOWGDVIUGLH$EZlJXQJHLQH5ROOH'DHVHLQH$OWHU
QDWLYH ]XU (QWKRUQXQJ JLEW ± HLQ YHUlQGHUWHV 6WDOOPDQDJHPHQW & 6FKQHLGHU  ± HU
VFKHLQWGDV7LHUZRKODUJXPHQWIUDJZUGLJ:UGH*HQRPH(GLWLQJDOV0HWKRGH]XU9HUEHVVH





,Q GHU PHGL]LQLVFKHQ )RUVFKXQJ ZHUGHQ 9HUVXFKVWLHUH YHUZHQGHW XP .UDQNKHLWHQ LQ LKUHP
9HUODXI]XYHUVWHKHQXQGXP%HKDQGOXQJVPHWKRGHQXQG0HGLNDPHQWH]X WHVWHQ7LHUH[SHUL
PHQWHVLQGJHVHW]OLFKVWUHQJJHUHJHOWXQGXQWHUOLHJHQ]XGHPYHUVFKLHGHQHU3ULQ]LSLHQ(LQHV
GHU3ULQ]LSLHQ GDV IU /DERUYHUVXFKHPLW7LHUHQ JLOW LVW GDV 53ULQ]LS GDV IU UHSODFH UH
GXFHUHILQH(UVHW]HQ9HUPLQGHUQXQG9HUEHVVHUQYRQ7LHUYHUVXFKHQVWHKW,VKLLDXQG






,Q GHU 6FKZHL] GUIHQ 7LHUYHUVXFKH EHUKDXSW QXU XQWHU EHVWLPPWHQ %HGLQJXQJHQ EHZLOOLJW
ZHUGHQ VLHKH GD]X *UXEHU XQG 6RPPHU LQ GLHVHP %DQG .DSLWHO  XQG LQVEHVRQGHUH$E
VFKQLWW
 1DWUOLFKNHLWXQG:UGHGHU.UHDWXU
1DWUOLFKNHLW LVW HEHQIDOOV HLQ XQWHUVFKLHGOLFK LQWHUSUHWLHUWHU XQG ZHUWHQGHU %HJULII GHU RIW LQ
'LVNXVVLRQHQ]XELRWHFKQRORJLVFKHQ)UDJHQYHUZHQGHWZLUG'DEHLZLUGGHU=XVWDQGGHUDOV




JHVHW] 6'13IODQ]HQ PLW 3XQNWPXWDWLRQHQ ZHUGHQ DOV QLFKW YRQ QDWUOLFKHQ 0XWDWLRQHQ





'DV.RQ]HSWGHU:UGHGHU.UHDWXUZLUGRIWPLW ,QWHJULWlW LQ9HUELQGXQJJHEUDFKWXQG LVW LP
6FKZHL]HU%XQGHVYHUIDVVXQJVJHVHW]YHUDQNHUW(.$+	(.79'LHJHVHW]OLFKH9HUDQ
NHUXQJGHV5HVSHNWVGHU,QWHJULWlWXQGGHU:UGHGHU.UHDWXUUHVXOWLHUWLQPRUDOLVFKH9HUSIOLFK




$XVVHUKXPDQEHUHLFK XQG GHU (LGJHQ|VVLVFKHQ .RPPLVVLRQ IU 7LHUYHUVXFKH VLHKW LQ HLQHP
(LQJULIILQGHQ3KlQRW\SGDVKHLVVWLQGDV(UVFKHLQXQJVELOGHLQH%HHLQWUlFKWLJXQJGHU:UGH










GHUV VRUJIlOWLJ DEJHVFKlW]W ZHUGHQ >PXVV@ª 6FKZHL]HULVFKH $NDGHPLH GHU 0HGL]LQLVFKHQ
:LVVHQVFKDIWHQ6$0:	$NDGHPLHGHU1DWXUZLVVHQVFKDIWHQ6FKZHL]6&1$7
 6FKZHL]HU.RQWH[W
'LHSXEOL]LHUWHStrategie Tierzucht 2030GHV%/:VLHKW LP*HQRPH(GLWLQJHLQJURVVHV
3RWHQ]LDO IU GLH 7LHU]XFKW LP $OOJHPHLQHQ XQG IU GLH .RQNXUUHQ]IlKLJNHLW GHU 6FKZHL]HU
=XFKWSURJUDPPH LP%HVRQGHUHQ/DXWGLHVHP'RNXPHQW ILQGHWDNWXHOO LQGHU6FKZHL]NHLQH
*HQRPH (GLWLQJ=FKWXQJVIRUVFKXQJ EHL 1XW]WLHUHQ VWDWW $OV ]HQWUDOHU $VSHNW JHJHQ HLQHQ
(LQVDW]YRQ*HQRPH(GLWLQJLQGLHVHP%HUHLFKZLUGGDV©WHFKQRORJLHNULWLVFKH8PIHOGªLQGHU
6FKZHL] XQG LQ (XURSD XQG HEHQVR GLH 6FKZHL]HU5HFKWVODJH VLHKH .DSLWHO  DQJHVHKHQ
%XQGHVDPWIU/DQGZLUWVFKDIW%/:
6FKZHL]HU=FKWXQJVEHWULHEHXQG SURJUDPPH VRGHU%HULFKW VLQGHKHU NOHLQ GLPHQVLRQLHUW
XQGKDEHQ]XGHPQLFKWGLHWHFKQLVFKHQ9RUDXVVHW]XQJHQGDV.QRZKRZXQGGLHILQDQ]LHOOHQ
5HVVRXUFHQXP*HQRPH(GLWLQJDQ]XZHQGHQ$XVVHUGHPZLUGHLQHPHUNOLFKH=XUFNKDOWXQJ








QDFKWHLOH EHIUFKWHQ '*I=())$% )$%5( )%) 'HPJHJHQEHU
VLHKWGLH6FKZHL]HU$OOLDQ]*HQWHFKIUHLJHUDGHHLQ©KRKHV:HUWVFK|SIXQJVSRWHQ]LDOXQGKRKH
$N]HSWDQ] LQ GHU :HUWVFK|SIXQJVNHWWHª IU *92IUHLH 3URGXNWH XQG HLQHQ 9RUWHLO IU HLQH
*92IUHLH6FKZHL]6$*6FKZHL]HU$OOLDQ]*HQWHFKIUHLR-+LHUZLUGJHUDGHGLH9HUPDUN
WXQJYRQ*92IUHLHQ3URGXNWHQDOV3RVLWLRQLHUXQJVXQG9HUNDXIVDUJXPHQWLGHQWLIL]LHUW
:DV GLH3RVLWLRQHQ DQGHUHU6FKZHL]HU$NWHXULQQHQ XQG$NWHXUH LQ GHU:HUWVFK|SIXQJVNHWWH
EHWULIIWVHLKLHUDXIGHQ%HULFKWVWHLO3IODQ]HQ]XFKWYHUZLHVHQVLHKH.DSLWHO$EVFKQLWW
GD GHUHQ 3RVLWLRQHQ ]X *HQRPH (GLWLQJ/HEHQVPLWWHOQ DXFK IU /HEHQVPLWWHO DXV *HQRPH
(GLWLQJ7LHUHQUHOHYDQWVLQG
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
)UHLQHQ(LQVDW]YRQ*HQRPH(GLWLQJ LQGHU7LHU]XFKWZlUHQDXV6LFKWGHV%/:PHKU5HV
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*HQRPH(GLWLQJLQGHU7LHU]XFKW 
6$* ]XGHPHLQ ©0RUDWRULXP IU GLH YHUVXFKVZHLVH XQG GLH NRPPHU]LHOOH 9HUZHQGXQJ DOOHU
7LHUHZHOFKHPLWQHXHQJHQWHFKQLVFKHQ9HUIDKUHQKHUJHVWHOOWZXUGHQª6$*6FKZHL]HU$OOLDQ]












LP9RUGHUJUXQG VWHKHQ'LHZLFKWLJVWHQ+HUDXVIRUGHUXQJHQ LQ GHU =FKWXQJ ± YRU DOOHP EHL
5LQGHUQ6FKZHLQHQ=LHJHQXQG6FKDIHQ±VLQGGLHODQJHQ*HQHUDWLRQV]HLWHQXQGGLH9LHO]DKO
GHUHUIRUGHUOLFKHQ9HUVXFKH:XQVFKPHUNPDOHLQHLQHU3RSXODWLRQ]XYHUDQNHUQ.RQYHQWLRQHO
OH =FKWXQJ LVW VRPLW ]HLW XQG UHVVRXUFHQDXIZHQGLJHU DOOHUGLQJV EHL DOOHQ$NWHXULQQHQ XQG
$NWHXUHQHWDEOLHUWXQGYRQ.RQVXPHQWLQQHQXQG.RQVXPHQWHQZHLWHVWJHKHQGDN]HSWLHUW
'LH7LHU]XFKWKDWVLFK LP/DXIGHU OHW]WHQ-DKU]HKQWHGXUFK%HUFNVLFKWLJXQJJHQHWLVFKHU ,Q
IRUPDWLRQHQ XQG ]HOOELRORJLVFKHU 7HFKQLNHQ YHUlQGHUW =XFKWZHUWVFKlW]XQJ DXI %DVLV JHQHWL
VFKHU 0HUNPDOH ,QYLWUR)HUWLOLVDWLRQ XQG (U]HXJXQJ NQVWOLFKHU 0HKUOLQJH GXUFK (PEU\R
QHQVSOLWWLQJKDEHQ(LQ]XJJHKDOWHQ










HLQIDFKHUHQ XQG ]HLWVSDUHQGHQ 3UR]HVVH GLH RUWVJHVWHXHUWH ,QWHJUDWLRQ YRQ *HQHQ XQG GLH




















YHUlQGHUWHU 1XW]WLHUH GXUFK 6WDNHKROGHU XQG YRU DOOHP .RQVXPHQWLQQHQ XQG .RQVXPHQWHQ
DQJHVHKHQ :LFKWLJH$VSHNWH LQ GHU 'LVNXVVLRQ VLQG KLHUEHL 7LHUZRKO 1DWUOLFKNHLW XQG GLH




:UGH GHU .UHDWXU VSLHOW LQ GHU 6FKZHL] HLQH JURVVH5ROOH ZHLO VLH LP%XQGHVYHUIDVVXQJV















IXQJ YHUVFKLHGHQHU*HQRPH(GLWLQJ(LQJULIIH LQ7LHUHQ HLQWULWWZUGHQ*HQRPH(GLWLQJ7LHUH
PLW JHULQJIJLJHQJHQHWLVFKHQ9HUlQGHUXQJHQQLFKW LP UHFKWOLFKHQ6LQQDOV*92DQJHVHKHQ
ZHUGHQ6RPLWN|QQWHQGLHUHFKWOLFKHQ(LQVFKUlQNXQJHQIUHLQH$QZHQGXQJLPODQGZLUWVFKDIW
OLFKHQ.RQWH[W]XPLQGHVWWHLOZHLVHHQWIDOOHQ$OOHUGLQJVVWHOOWVLFKDXFKKLHUGLH)UDJH±DQDORJ
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 *HQH'ULYH
Caroline Hammer und Armin Spök 
.XU]	NQDSS
x 6\QWKHWLVFKH*HQH'ULYHVVLQG IOH[LEHODQSDVVEDUHJHQHWLVFKH.DVVHWWHQGLHPLWWHOV&5,635HLQH UDVFKH9HU
EUHLWXQJXQG'XUFKVHW]XQJYRQHUZQVFKWHQJHQHWLVFKHQ(LJHQVFKDIWHQLQ3RSXODWLRQHQHUP|JOLFKHQ±PLWGHP
=LHOGLHVH3RSXODWLRQHQJHQHWLVFK]XYHUlQGHUQ]XGH]LPLHUHQRGHU]XHOLPLQLHUHQ
x $QZHQGXQJHQ ZHUGHQ YRU DOOHP LQ /DQGZLUWVFKDIW XQG 1DWXUVFKXW] ]XPHLVW 'H]LPLHUXQJ YRQ 6FKlGOLQJV





















DOV GLH 5XIH QDFK0RUDWRULHQ RGHU ]XPLQGHVW QDFK HLQHU VWUHQJHQ 6HOEVWUHJXOLHUXQJ IU GLH
/DERUIRUVFKXQJPLW0HWKRGHQGHUGDPDOVQRFKJDQ]MXQJHQ*HQWHFKQLNDXVGHU:LVVHQVFKDIW
VHOEHU NDPHQ XQG DXI GHU EHUKPWHQ$VLORPDU.RQIHUHQ] |IIHQWOLFK IRUPXOLHUW ZXUGHQ %XG
$QGHUV DOV GDPDOV JLEW HV GHU]HLW DEHU LQ GHQPHLVWHQ /lQGHUQ DXI*HQH'ULYHV DQ
ZHQGEDUH*HQWHFKQLNJHVHW]HZDVGHQ'UXFNDXI HLQH UDVFKH(QWZLFNOXQJ YRQ VSH]LILVFKHQ
5HJHOXQJHQIU*HQH'ULYHVUHGX]LHUWXQG]XPLQGHVWWKHRUHWLVFK=HLWIUHLQHLQIRUPLHUWHXQG
EUHLWH'HEDWWHHUP|JOLFKW











NRPPHQ YHUHUEW(LQ]HOQH*HQH OLHJHQGDKHU W\SLVFKHUZHLVH LQ ]ZHL YHUVFKLHGHQHQ$XVSUl
JXQJHQYRU:HOFKH*HQYDULDQWHVLFKDXI'DXHU LQHLQHU3RSXODWLRQGXUFKVHW]WKlQJWGDYRQ
DELQZLHIHUQVLHVLFKDOVYRUWHLOKDIWHUZHLVW






JHQ PLW HLQHU ZHVHQWOLFK K|KHUHQ:DKUVFKHLQOLFKNHLW LQ 1DFKNRPPHQ DXIWUHWHQ N|QQHQ DOV
GLHVQDFKPHQGHOVFKHQ9HUHUEXQJVUHJHOQGHU)DOOZlUHVLHKH$EE:lKUHQGGLH9HUHU
EXQJVZDKUVFKHLQOLFKNHLW HLQHV *HQV QRUPDOHUZHLVH  EHWUlJW NDQQ PLWWHOV *HQH 'ULYH
HLQH9HUHUEXQJVZDKUVFKHLQOLFKNHLWYRQELV]XHUUHLFKWZHUGHQ9DOHQWLQR0*DQW]HWDO
$+DPPRQGHWDO
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
,QIRER['HU+RPLQJ0HFKDQLVPXVDOV,QVSLUDWLRQIU&5,635*HQH'ULYH6\VWHPH
+RPLQJ(QGRQXNOHDVH*HQH +(* EH]LHKXQJVZHLVH GHU +RPLQJ0HFKDQLVPXVZXUGHQ HUVWPDOV  LQ +HIH EH
VFKULHEHQ%XUW	&ULVDQWL'LHVH*HQHNRPPHQLQPHKUHUHQ%DNWHULHQ3LO]H$OJHQXQG3IODQ]HQYRU%XUW	










HLQJHIKUW 'LHVH NDQQ PLW HLQHP ]XVlW]OLFKHQ *HQ YHUEXQGHQ VHLQ DOV 3D\ORDG*HQ EH]HLFKQHW GHVVHQ (LJHQ
VFKDIWHQLQHLQHU3RSXODWLRQYHUEUHLWHWZHUGHQVROO:lKUHQGGHV+RPLQJ9RUJDQJHVZLUGDOVRQLFKWQXUGLH,QIRUPDWLRQ
GHU(QGRQXNOHDVHVRQGHUQDXFKGDV3D\ORDG*HQLQGHQ&KURPRVRPHQVDW]HLQJHIJW+RPLQJLVWDNWXHOOGHUYHUPXW
OLFK HIIHNWLYVWH *HQH 'ULYH0HFKDQLVPXV DEHU DXFK GHUMHQLJH GHU YRUDXVVLFKWOLFK DP VWlUNVWHQ YRQ 5HVLVWHQ]
ELOGXQJHQEHWURIIHQVHLQGUIWH&KDPSHUHWDO'LH(QWZLFNOXQJYRQ&5,635&DVHUOHLFKWHUWHGLH+HUVWHOOXQJ
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*HQH'ULYH 
0LWWHOV&5,635VLHKH$EVFKQLWWJHODQJGDQQGHU'XUFKEUXFKXQG*HQH'ULYHVUFNWHQ





















x HYROXWLRQlUH 6WDELOLWlW LQZLHIHUQ GLH IU GHQ *HQH 'ULYH YHUDQWZRUWOLFKHQ JHQHWLVFKHQ
(OHPHQWHDNWLYEOHLEHQ&KDPSHUHWDO±VRJHQDQQWH0HGHD'ULYHVVFKHLQHQGDEHL
EHVRQGHUVVWDELO]XVHLQVLHKH,QIRER[
 $QGHUH %H]HLFKQXQJHQ 63$*( 6HOI3URSDJDWLQJ $UWLILFLDO *HQHWLF (OHPHQW 51$JXLGHG 'ULYHV LP &5,635
&DV6\VWHPZLUG HLQH JXLGH51$ EHQW]W ZHOFKH GLH 1XNOHDVH DQ GLH ]X VFKQHLGHQGH 6WHOOH IKUHQ VROO XQG GLH
6SH]LILWlWGHVJDQ]HQ0HFKDQLVPXVGDGXUFKHUP|JOLFKW
 ,Q GHU 3UD[LV VWHKHQ GHP MHGRFK HLQLJH+UGHQ HQWJHJHQ 6R NDQQ HV GXUFKDXV VFKZLHULJ XQG DXIZHQGLJ VHLQ
0RGHOORUJDQLVPHQGHUHQ*HQRPJXWEHVFKULHEHQLVW]LHOJHULFKWHWJHQHWLVFK]XPRGLIL]LHUHQ'LHWHFKQLVFKHQ+UGHQ
EHL1LFKWPRGHOORUJDQLVPHQVLQGGHPHQWVSUHFKHQGK|KHU




HQWGHFNW &KDPSHU HW DO  XQG PLWWOHUZHLOH DGDSWLHUW ZXUGHQ VRGDVV VLH LQ GHU .LUVFKHVVLJIOLHJH (Drosophila 
suzukii)]XU$QZHQGXQJJHEUDFKWZHUGHQN|QQHQ$%XFKPDQ0DUVKDOO2VWURYVNL<DQJ	$NEDUL'LH$QZHQ
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*HQH'ULYH 










(OHPHQWH % XQG$ VWHOOHQ *HQH 'ULYHV GDU:lKUHQG GLH 9HUEUHLWXQJ YRQ % XQG$ LQQHUKDOE HLQHU 3RSXODWLRQ ]X
QHKPHQ EOHLEW GLH 9HUEUHLWXQJ YRQ& NRQVWDQW E]Z QLPPW VRJDU DE GXUFK QDWUOLFKH 6HOHNWLRQ IDOOV GHU JHVDPWH
0HFKDQLVPXVVLFKVFKOHFKWDXIGLH3RSXODWLRQDXVZLUNHQVROOWH'LHVHULHOOH$EKlQJLJNHLWOlVVWGHQ0HFKDQLVPXVDOVR




GLQJWHQ(LJHQVFKDIWHQ LQ3RSXODWLRQHQ'DV=LHO LVW GLHVH3RSXODWLRQ]XYHUlQGHUQ &RQYHU
VLRQ 'ULYHV RGHU DXV]XURWWHQ 6XSSUHVVLRQ 'ULYHV 'LH 9HUlQGHUXQJHQ ZHUGHQ LP *HQRP




QH XQG EHNDQQWH(LQVDW]]LHOH EHL GHQHQ ELVKHULJH0HWKRGHQXQ]XUHLFKHQG JUHLIHQ DWWUDNWLY
6FRWWHWDO*HQH'ULYH$QZHQGXQJHQZHUGHQLQGHQ%HUHLFKHQ/DQGZLUWVFKDIW1DWXU
VFKXW]*HVXQGKHLWVSUlYHQWLRQXQGDXFKLPPLOLWlULVFKHQ%HUHLFKGLVNXWLHUW





DOOHPPVVHQ VLFK GLH6FKlGOLQJH VH[XHOO YHUPHKUHQ 0HGLQD 'DUEHU KLQDXVPXVV
GDV9HUVWlQGQLVGHU2UJDQLVPHQDXIJHQHWLVFKHU(EHQHIXQGLHUWXQGHLQ=FKWHQLQJU|VVHUHP
0DVVVWDE LP/DERUP|JOLFKVHLQ *XW]PDQQHWDO ,P%HUHLFKGHU/DQGZLUWVFKDIWXQG
GHV1DWXUVFKXW]HVZHUGHQGLH9RUWHLOHYRQ*HQH'ULYH$QZHQGXQJHQYRUDOOHPLQLKUHUKRKHQ
6SH]LILWlW$UWVSH]LILWlWXQGLQLKUHP:LUNSULQ]LSGDVQLFKWDXI7R[LQHQEHUXKWJHVHKHQ




























JHULQQHQ GHV 'HQJXHILHEHUV XQG IU =HFNHQ hEHUWUlJHULQQHQ YRQ %RUUHOLRVH EHVFKULHEHQ
7KH1DWLRQDO$FDGHPLHVRI6FLHQFH(QJLQHHULQJDQG0HGLFLQH1$6(0(UVWH)HOG
YHUVXFKHPLWGHUDUWLJHQ*HQH'ULYHVZHUGHQDOOHUGLQJVHUVWIU±YRUDXVJHVDJW6RO






6FKlGOLQJ LVW GLH .LUVFKHVVLJIOLHJH (Drosophila suzukii) 8UVSUQJOLFK LQ $VLHQ KHLPLVFK
'HU%HJULII6FKlGOLQJEH]LHKWVLFKGDEHLDXIHLQHQGXUFKEHVWLPPWH$NWHXULQQHQXQG$NWHXUHDOVVROFKHQZDKUJH
QRPPHQHQ6FKDGHQHWZDIUODQGZLUWVFKDIWOLFKH(U]HXJQLVVHDXVDQGHUHU3HUVSHNWLYHN|QQHQIUGHUDUWLJH6FKlG


























(LQ%HLVSLHO LVW GHU6FKXW]YRQ.LZLV LQ1HXVHHODQG'LH©3UHGDWRU)UHHª,QLWLDWLYHKDW











IRUVFKW$XFK IHKOHQ0HWKRGHQ XP GLHVH JHQHWLVFK YHUlQGHUQ ]X N|QQHQ 'LH HUIRUGHUOLFKH
OLQJHPLWXQWHUDXFKSRVLWLYH(LJHQVFKDIWHQIUDQGHUH%HUHLFKHYRQgNRV\VWHPHQHWZDDOV1DKUXQJVTXHOOHIUDQGHUH
/HEHZHVHQJHVHKHQZHUGHQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ




(LQ (LQVDW] YRQ *HQH 'ULYHV IU GHQ 1DWXUVFKXW] ZLUG GHU]HLW ]XPHLVW DOV XQYHUDQWZRUWOLFK
JHVHKHQ(VYHOW	*HPPHOO.ULWLNJLEWHVDP$XVURWWXQJVNRQ]HSWGDGLHVHVQLFKWJXW
PLWGHQ%HVWUHEXQJHQ]XU(UKDOWXQJYRQ%LRGLYHUVLWlW]XVDPPHQSDVVWE]ZHVDQGHUHULVLNR









$EVFKQLWW  GHV YRUOLHJHQGHQ %DQGHV GHWDLOOLHUWHU PLW UHFKWOLFKHQ )UDJHQ UXQG XP *HQH










WLJHQ$EVFKlW]XQJ XQG0LQLPLHUXQJ YRQ8PZHOWULVLNHQ JURVVH %HGHXWXQJ ]X 8PZHOWULVLNHQ





WLRQHQ XQG ,QWHUGHSHQGHQ]HQ DOV XQVLFKHU 'DVPDFKW HV VFKZLHULJ GLH .RQVHTXHQ]HQ YRQ
3RSXODWLRQVYHUlQGHUXQJHQHLQ]XVFKlW]HQ$HEL	6FKRHQHQEHUJHU6LPRQHWDO
,Q0RGHOOLHUXQJHQZXUGHJH]HLJWGDVVVLFKVFKRQHLQHNOHLQH$Q]DKOYRQ*HQH'ULYH7UlJHUQ
LQ HLQHU:LOGSRSXODWLRQ YHUEUHLWHQ NDQQ'DUEHU KLQDXV EHVWHKW DEHU DXFK GDV5LVLNR HLQHU











DOV 3UREOHPYHUODJHUXQJ KHUDXVVWHOOHQ $XVZLUNXQJHQ DXI K|KHUH WURSKLVFKH (EHQHQ ZlUHQ




GLHV DOV P|JOLFK DQJHQRPPHQ 2\H HW DO  7KH 1DWLRQDO$FDGHPLHV RI 6FLHQFH (Q










IDKUHQV VHOEHU HLQ 7KHPD VLHKH DXFK$EVFKQLWW  6ROFKH 1HEHQHIIHNWH N|QQHQ GHQ





















]% RKQH=LHOVHTXHQ] IU GLH(QGRQXNOHDVH XQG WUlJW GHU*HQH'ULYH HLQHQSRSXODWLRQV
GH]LPLHUHQGHQ)DNWRUZLUGHLQSRVLWLYHU6HOHNWLRQVGUXFNDXIGLHVHYRQ1DWXUDXV UHVLVWHQWHQ
,QGLYLGXHQZLUNVDP(LQHZHLWHUH8UVDFKHOLHJWLQQDWUOLFKHQ0XWDWLRQHQGLHGD]XIKUHQN|Q




























 $P ZDKUVFKHLQOLFKVWHQ HUIROJW HLQH VROFKH 5HVLVWHQ]ELOGXQJ GXUFK 5HVLVWHQ]DOOHOH GLH GXUFK GHQ 'ULYHU VHOEHU
KHUEHLJHIKUWZHUGHQ8QFNOHVV&ODUN	0HVVHU
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*HQH'ULYH 
HKHUXQZDKUVFKHLQOLFKHLQJHVFKlW]W $NEDULHWDO WURW]GHPZXUGHQPLWWOHUZHLOH0DVV





EUHLWXQJ YRQ 9LUXVHUNUDQNXQJHQ PLWWHOV ,QVHNWHQSRSXODWLRQHQ LQQHUKDOE YRQ 1XW]WLHU RGHU
3IODQ]HQEHVWlQGHQ







)U GLHVHQ$EVFKQLWW ZXUGHQ 6WHOOXQJQDKPHQ XQG(LQVFKlW]XQJHQ YHUVFKLHGHQHU %HK|UGHQ
2UJDQLVDWLRQHQ XQG ([SHUWLQQHQ XQG ([SHUWHQNRPLWHHV KHUDQJH]RJHQ GHP )HGHUDO (WKLFV








PHLQVDPPLWGHUJHQHWLVFKHQ ,QIRUPDWLRQ IUGLHJHZQVFKWH(LJHQVFKDIW LQGDV*HQRPGHV
=LHORUJDQLVPXV LQWHJULHUW ZHUGHQ PVVHQ 'LH (LQVFKlW]XQJHQ VWLPPHQ DEHU EHUHLQ GDVV
VLFK*HQH'ULYH2UJDQLVPHQLQIROJHLKUHU)lKLJNHLWHLQHQEHVWLPPWHQ*HQRW\SLQHLQHU3RSX















x RE GLH MHZHLOLJH JHQWHFKQLNVSH]LILVFKH *HVHW]JHEXQJ IU GHQ 8PJDQJ PLW *HQH 'ULYH
2UJDQLVPHQDXVUHLFKHQGLVW





JHKHQ LVWXQGZLHE]Z LQZHOFKHP$XVPDVVGLHgIIHQWOLFKNHLWPLWHLQ]XEH]LHKHQ LVWXQGZDV
GLHUHOHYDQWHQ:LVVHQVOFNHQVLQG
$XVJHKHQGYRQGHU$QQDKPHGDVVQLFKWVREDOGPLWHLQHUDEVLFKWOLFKHQ)UHLVHW]XQJYRQ*HQH





©,QQHUKDOE JHVFKORVVHQHU 6\VWHPH VSLHOW GLH *HQH'ULYH)XQNWLRQ NHLQH VLFKHUKHLWV
UHOHYDQWH 5ROOH 'LH VHOEVWGXSOL]LHUHQGH$NWLYLWlW GHV *HQH'ULYH 6\VWHPV HUKlOW MH
GRFKHLQHHQWVFKHLGHQGH%HGHXWXQJEHLGHU%HZHUWXQJP|JOLFKHU)ROJHQHLQHVXQEH
DEVLFKWLJWHQ (QWZHLFKHQV VROFKHU *92 DXV GHP JHVFKORVVHQHQ 6\VWHPª =HQWUDOH
.RPPLVVLRQIUGLH%LRORJLVFKH6LFKHUKHLW=.%66
'LHPHLVWHQ6WHOOXQJQDKPHQ VHKHQ LQGHQGHU]HLWLJHQ*92*HVHW]JHEXQJHQ ]XPLQGHVW JH
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*HQH'ULYH 
VLQG ± HLQH 6LFKHUKHLWVPDVVQDKPH N|QQWH GDKHU VHLQ )RUVFKXQJVVWlWWHQ YRQ SRWHQ]LHOOHQ
(LQVDW]JHELHWHQJHRJUDILVFKJHWUHQQW]XKDOWHQ
'LH1LHGHUODQGHKDEHQDOVELVODQJHLQ]LJHU(80LWJOLHGVVWDDWHLQH5HJHOXQJ]X*HQH'ULYHV
YDQ GHU 9OXJW HW DO  'LHVH VFKUHLEW IU )RUVFKXQJ ]X *HQH 'ULYHV HLQHQ *HQHKPL
JXQJVSUR]HVVYRULQGHP$UEHLWHQPLWVH[XHOOUHSURGX]LHUHQGHQ2UJDQLVPHQXQG6HTXHQ]HQ
GLHIUHLQH(QGRQXNOHDVHNRGLHUHQLQ6WXIHGHUK|FKVWHQ6LFKHUKHLWVVWXIHIUGHQ8PJDQJ










SDWKRJHQHQ 0LNURRUJDQLVPHQ DXVJHOHJW ,P )DOO YRQ *HQH 'ULYH ZlUHQ GLHVH 6\VWHPH IU
,QVHNWHQ1DJHUXQG+HIHQ]XDGDSWLHUHQGDQHEHQGHP*HQH'ULYH0HFKDQLVPXVDXFKGLH
%LRORJLHGHV2UJDQLVPXVYRQ%HGHXWXQJLVW
:lKUHQG VLFK GLH PHLVWHQ (PSIHKOXQJHQ DXI GHQ 8PJDQJ LP JHVFKORVVHQHQ 6\VWHP EH
]LHKHQ JLEW GLH 1$6(0 DXFK NRQNUHW (PSIHKOXQJHQ ]X )HOGYHUVXFKHQ 7KH 1DWLRQDO$FD
GHPLHV RI 6FLHQFH (QJLQHHULQJ DQG0HGLFLQH1$6(0  )HOGYHUVXFKHZHUGHQ QHEHQ
*UXQGODJHQIRUVFKXQJDOVHVVHQ]LHOOHU6FKULWW]X$QZHQGXQJHQJHVHKHQYDQGHU9OXJWHWDO
















'HU$QVDW] HQWVSULFKW HLQHU$XVZHLWXQJ E]Z$GDSWLRQ GHU  YRQGHU:+2YRUJHVFKODJHQHQ5LFKWOLQLHQ ]XP
7HVWHQYRQJHQHWLVFKYHUlQGHUWHQ0RVNLWRV




LQJ SXEOLF KHDOWK DQG FRQVHUYDWLRQª (XURSHDQ$FDGHPLHV6FLHQFH$GYLVRU\&RXQFLO
($6$&6
:HLWJHKHQGH hEHUHLQVWLPPXQJ EHVWHKW GDULQ GDVV 5LVLNRDEVFKlW]XQJ 5LVLNRPDQDJHPHQW
XQG LQWHUQDWLRQDOHU ,QIRUPDWLRQVIOXVV]X*HQH'ULYHVKDUPRQLVLHUWZHUGHQVROOHQGDGLH5LVL
NHQYRQIUHLJHVHW]WHQ*HQH'ULYHVMHGHQIDOOVJUHQ]EHUVFKUHLWHQGZlUHQ'LH1$6(0YHUZHLVW







 2UJDQLVDWLRQHQ XQWHUVFKULHEHQ ZXUGH 'DV 0RUDWRULXP IRUGHUW HLQHQ 6WRSS DOOHU )RU
VFKXQJVXQG(QWZLFNOXQJVDNWLYLWlWHQ]X*HQH'ULYHVHLQVFKOLHVVOLFK)HOGYHUVXFKH'DV0RUD







*HQH'ULYHV DXIJHUXIHQ'LH=XVWLPPXQJEHWURIIHQHU ORNDOHU XQG LQGLJHQHU*HPHLQVFKDIWHQ




P|JOLFKH $XVZLUNXQJHQ EHNDQQW LVW XQG HLQ ,8&1/HLWOLQLHQGRNXPHQW HQWZLFNHOW ZHUGHQ
NDQQ
,P 1RYHPEHU  IROJWH HLQ ZHLWHUHU $SSHOO IU HLQ 0RUDWRULXP YRQ SURPLQHQWHQ :LVVHQ
VFKDIWOHULQQHQXQG:LVVHQVFKDIWOHUQXD-DQH*RRGDOO9DQGDQD6KLYDXQG1QLPPR%DVVH\
'LHVHU$SSHOO IRUGHUWHLQ$QKDOWHQDOOHU9RUKDEHQPLW*HQH'ULYHV LQVEHVRQGHUHEHL$QZHQ
GXQJHQ LP 1DWXUVFKXW] 6\QELRZDWFK  $UWHQVFKXW] VHL QLFKW PLW JH]LHOWHU $XVURWWXQJ





















 6SH]LILVFKH$QZHQGXQJVP|JOLFKNHLWHQ YRQ *HQH 'ULYHV LQ GHU 6FKZHL] VLQG ELVODQJ
QLFKW|IIHQWOLFKYRUJHVFKODJHQZRUGHQ
7UlJHURUJDQLVPHQHLQHVV\QWKHWLVFKHQ*HQH'ULYHVZlUHQDOV*92HLQ]XVWXIHQ)UHLQH5H
JXOLHUXQJ NlPHQ VRPLW GDV 6FKZHL]HU *HQWHFKQLNJHVHW] *7* GLH (LQVFKOLHVVXQJVYHURUG











'LH (69ZXUGH LP 3URMHNW]HLWUDXP HLQHU 5HYLVLRQ XQWHU]RJHQPLW GHQ =LHOHQ ©0HOGH XQG
%HZLOOLJXQJVYHUIDKUHQ]XYHUHLQIDFKHQXQG]XYHUHLQKHLWOLFKHQGLH6LFKHUKHLWVPDVVQDKPHQDQ
GHQ QHXVWHQ 6WDQG YRQ :LVVHQVFKDIW XQG 7HFKQLN DQ]XSDVVHQ VRZLH GDV VFKZHL]HULVFKH











































WUROOLHUEDU XQG GLH 8PZHOWDXVZLUNXQJHQ QLFKW UHYHUVLEHO VLQG 'DUDXV HUJHEHQ VLFK 5LVLNR
DEVFKlW]XQJXQG*RYHUQDQFHDOVGLH]HQWUDOHQ+HUDXVIRUGHUXQJHQ
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*HQH'ULYH 

%HVRQGHUVVFKZLHULJ LVW HV GLH$XVZLUNXQJHQYRQ3RSXODWLRQVlQGHUXQJHQHLQ]HOQHU3RSXOD
















'D 2UJDQLVPHQ GXUFK GLH ,QWHJUDWLRQ GHV *HQH 'ULYHV LQ GDV *HQRP MHGHQIDOOV XQWHU GDV





$QZHQGXQJHQ YRQ *HQH 'ULYHV P|JOLFK VHLQ E]Z ZHOFKH (LQVFKUlQNXQJHQ IRUPXOLHUW
ZHUGHQVROOWHQ
x .OlUXQJ RE5LVLNRDEVFKlW]XQJXQG6LFKHUKHLWVPDVVQDKPHQ IU)RUVFKXQJ LPJHVFKORV
VHQHQ6\VWHPXQGLQ)HOGYHUVXFKHQGXUFKVSH]LILVFKH(OHPHQWHYRQ*HQH'ULYHHUJlQ]W




]X *HQH 'ULYHV VRZLH DQ GHU DOOIlOOLJHQ $QSDVVXQJ GHU HQWVSUHFKHQGHQ ,QIRUPDWLRQV
PHFKDQLVPHQLP5DKPHQGHV&DUWDJHQD3URWRNROOV
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 5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJ
YRQ*HQRPH(GLWLQJ





x 8QWHU GHQ WKHPHQEHUJUHLIHQGHQ 6FKOVVHOIUDJHQ ILQGHQ VLFK GUHL XQWHUVFKLHGOLFKH $UJXPHQWDWLRQVW\SHQ 
IROJHQRULHQWLHUWH%HZHUWXQJHQGHV9HUKlOWQLVVHV YRQ5LVLNR XQG1XW]HQ PRUDOLVFKUHFKWOLFKH%HZHUWXQJHQ
DXIJUXQG YRQ 6WDWXVEHVWLPPXQJHQ ZLH HWZD0HQVFKHQZUGH RGHU:UGH GHU .UHDWXU  LP HQJHUHQ 6LQQH




x ,P (LQ]HOQHQ XQWHUVXFKW ZHUGHQ GLH ELRPHGL]LQLVFKHQ %HUHLFKH ;HQRWUDQVSODQWDWLRQ .HLPEDKQWKHUDSLH XQG






UHQ]LHUW ODVVHQ VLFK DXFK GLH XQWHUVFKLHGOLFKHQ5HJHOXQJHQ QDFKYHUIROJHQ HWZD LP %HUHLFK
GHVHXURSlLVFKHQXQGVFKZHL]HULVFKHQ3DWHQWUHFKWVGHV*HQWHFKQLNUHFKWVXQGGHV(PEU\R
QHQVFKXW]UHFKWV 'HU YRUOLHJHQGH UHFKWVZLVVHQVFKDIWOLFKH %HLWUDJ GLHVHU 7HFKQLNIROJHQDE











IHOGHUGHU*HQWHFKQRORJLHEHWUDFKWHWZHUGHQ 5HXVVHU	6FKZHL]HU5] ]X$UW 













QRPH (GLWLQJ HLQH 6FKQLWWVWHOOHQWKHPDWLN ]ZLVFKHQ +XPDQPHGL]LQ XQG *HQWHFKQRORJLH DQ
7LHUHQGDU=XPHLQHQZLUGGDV*HQRPWLHULVFKHQ8UVSUXQJVJH]LHOW©KXPDQLVLHUWªVRGDVVLQ
GLHVHU +LQVLFKW JHQWHFKQLNUHFKWOLFKH 1RUPHQ ]X EHUFNVLFKWLJHQ VLQG$XIJUXQG GHU QDFKIRO
JHQGHQhEHUWUDJXQJGHU7UDQVSODQWDWHDXIGHQ0HQVFKHQLVWGLH7KHPDWLNVFKOLHVVOLFKDXFKLP










GXNWHQ 7UDQVSODQWDWLRQVSURGXNWHQ GLH ]XU 7UDQVSODQWDWLRQ DXI E]Z LQ GHQ 0HQVFKHQ EH











VFKHQ 9HUVXFKHQ XQG 6WDQGDUGEHKDQGOXQJHQ XQWHUVFKLHGHQ ,Q HLQHU QLFKW DEVFKOLHVVHQGHQ
$XI]lKOXQJ ZHUGHQ ZLHGHUXP %HUHLFKH JHQDQQW LQ ZHOFKHQ GHU %XQGHVUDW ZHLWHUIKUHQGH




















'LH;HQR9 UHJHOW LQ$UW  ELV  GLH IU GLH %HZLOOLJXQJ NOLQLVFKHU 9HUVXFKHPDVVJHEOLFKHQ
9RUDXVVHW]XQJHQ1HEHQGHQLQ$UW$EV;HQR9JHQDQQWHQDOOJHPHLQHQ9RUDXVVHW]XQJHQ
JLOWIUJHQWHFKQLVFKYHUlQGHUWHWLHULVFKH2UJDQH*HZHEHXQG=HOOHQDXFK$EVGHUJHQDQQ
WHQ %HVWLPPXQJ'LHVH1RUP EHVDJW GDVV GLH %HZLOOLJXQJ IU HLQHQ NOLQLVFKHQ9HUVXFKPLW
JHQWHFKQLVFKYHUlQGHUWHQWLHULVFKHQ2UJDQHQ*HZHEHQRGHU=HOOHQRGHUGDUDXVKHUJHVWHOOWHQ
7UDQVSODQWDWSURGXNWHQHUWHLOWZLUGZHQQGLH4XDOLWlW XQGGLH ELRORJLVFKH6LFKHUKHLW GHU JHQ
WHFKQLVFKYHUlQGHUWHQ.|USHUVXEVWDQ]HQRGHU3URGXNWHJHJHQEHUGHU9HUVXFKVSHUVRQVRZLH












OLFK ZHOFKHU 1DFKZHLV HUEUDFKW ZHUGHQ PXVV GDPLW GLHVHV ,QIHNWLRQVULVLNR DOV ©PLW KRKHU
:DKUVFKHLQOLFKNHLWDXVJHVFKORVVHQªJLOW*HQRPH(GLWLQJYHUVSULFKWLQGLHVHP=XVDPPHQKDQJ




VLH IU GHQ0HQVFKHQ HLQ JHULQJHUHV ,QIHNWLRQVULVLNR EHUJHQ'LHVHV =LHO N|QQWH HWZD GXUFK











]HQQDFKZHLV ZLUG YRUJHVFKODJHQ GDVV GDV hEHUOHEHQ XQG GLH DGlTXDWH )XQNWLRQ GHU JH









RGHU =HOOHQ GXUFK IXQNWLRQLHUHQGH HUVHW]Wª 6FKZHL]HULVFKHU %XQGHVUDW D 6  7UDQV
SODQWLHUW ZUGHQ 2UJDQH ZLH +HU] 1LHUH /HEHU /XQJH %DXFKVSHLFKHOGUVH XQG 'QQGDUP






7LHUH GHPGHJHQHUDWLYHQ$EEDX YRQ0lXVHQHQWJHJHQZLUNHQ N|QQHQ /XWWHURWWL 'DEHL
ZXUGHQ ]ZDU YRUUDQJLJ GLH NRJQLWLYHQ )lKLJNHLWHQ GHU 7LHUH YHUEHVVHUW GRFK DXFK GLHV NDQQ
XQWHU8PVWlQGHQDOVQLFKWPHKUWKHUDSHXWLVFKVRQGHUQDOV(QKDQFHPHQWEHWUDFKWHWZHUGHQ
(LQH$UEHLWVJUXSSH GHU$NDGHPLHQ GHU:LVVHQVFKDIWHQ 6FKZHL] ZHOFKH VLFK YRQ  ELV
LQ=XVDPPHQDUEHLWPLWGHU7$6:,66VRZLHGHU1DWLRQDOHQ(WKLNNRPPLVVLRQLP%HUHLFK
+XPDQPHGL]LQ GHU 7KHPDWLN GHV ©+XPDQ (QKDQFHPHQWª ]XZDQGWH OLHVV MHGRFK JHUDGH LQ
%H]XJ DXI GLH )ULVFK]HOOWKHUDSLH LQ HLQHPGXUFK GLH6FKZHL]HULVFKH$NDGHPLH GHU0HGL]LQL
VFKHQ:LVVHQVFKDIWHQUHDOLVLHUWHQ%HULFKWYHUODXWHQGDVVVLFKGLH%HPKXQJGLHHLJHQH3HU
VRQ N|USHUOLFK XQG SV\FKLVFK ]X YHUEHVVHUQ GLUHNW PLW GHU$EZHQGXQJ HPSIXQGHQHQ /HLGV
RGHU SRWHQ]LHOOHU %HGURKXQJ YHUNQSIHQ OLHVVH (QKDQFHPHQW$QJHERWH GHU0HGL]LQ N|QQHQ
JHPlVVGLHVHP%HULFKW MHQDFK/HVHDUWGHVKDOEJHQDXVR]XU9HUPLQGHUXQJRGHU9HUKLQGH







7KHUDSLH XQG(QKDQFHPHQW QRFKZHQLJHU NODU EHVWLPPEDU VHLQGUIWH'XUFK7HFKQLNHQZLH
&5,635&DVNDQQGLH7KHPDWLNGDGXUFKDQ%ULVDQ]JHZLQQHQ GDVV9RUKDEHQZHOFKHELV
DQKLQDOVXQUHDOLVLHUEDUJDOWHQNQIWLJQLFKWPHKUDEZHJLJHUVFKHLQHQ
=XVDPPHQIDVVHQG ZLUG GHPQDFK IU HLQH ;HQRWUDQVSODQWDWLRQ LP 5DKPHQ HLQHU NOLQLVFKHQ
6WXGLHGHU1DFKZHLV]XHUEULQJHQVHLQGDVVHLQ,QIHNWLRQVULVLNRIUGLH%HY|ONHUXQJPLWKRKHU
:DKUVFKHLQOLFKNHLW DXVJHVFKORVVHQ ZHUGHQ NDQQ 'HU 7DWVDFKH GDVV GLH hEHUWUDJXQJ RGHU
(QWVWHKXQJHLQHU ,QIHNWLRQQLFKWYROONRPPHQDXVJHVFKORVVHQZHUGHQNDQQVROOGDPLWEHJHJ













ZHQQ JHPlVV GHQ LQWHUQDWLRQDO DQHUNDQQWHQZLVVHQVFKDIWOLFKHQ1RUPHQ JHQJHQG %HZHLVH
GDIUHUEUDFKWZHUGHQN|QQHQGDVVNHLQ5LVLNRIUGLH%HY|ONHUXQJLQVEHVRQGHUHNHLQ,QIHN
WLRQVULVLNREHVWHKWXQGHLQ WKHUDSHXWLVFKHU1XW]HQQDFKJHZLHVHQ LVW (XURSDUDW$UW
$EVOLW,XQG,,'HU(XURSDUDWHUOlVVW(PSIHKOXQJHQGLHVHU$UWHUJlQ]HQG]XGHQ=XVDW]









$QZHQGXQJ YRQ%LRORJLH XQG0HGL]LQ EHU GDV9HUERW GHV.ORQHQV YRQPHQVFKOLFKHQ/HEHZHVHQ YRP -DQXDU
6(91U=XVDW]SURWRNROO]XPhEHUHLQNRPPHQEHU0HQVFKHQUHFKWHXQG%LRPHGL]LQEH]JOLFKGHU7UDQV
SODQWDWLRQ YRQPHQVFKOLFKHQ2UJDQHQ XQG*HZHEH YRP0DL 6(91U  =XVDW]SURWRNROO ]XPhEHUHLQ
NRPPHQEHU0HQVFKHQUHFKWHXQG%LRPHGL]LQEHWUHIIHQGELRPHGL]LQLVFKH)RUVFKXQJYRP-DQXDU6(91U
 =XVDW]SURWRNROO ]XU .RQYHQWLRQ EHU 0HQVFKHQUHFKWH XQG %LRPHGL]LQ EHWUHIIHQG GHU *HQWHVWV ]X JHVXQGKHLW
OLFKHQ=ZHFNHQYRP1RYHPEHU6(91U





%HY|ONHUXQJ DOOHQIDOOV EHL EHVWLPPWHQ*HZHEHQ RGHU =HOOHQ DXVJHVFKORVVHQ ZHUGHQ N|QQH
6FKZHL]HULVFKHU%XQGHVUDW D6 'HPJHJHQEHU LVW LQ]ZLVFKHQ YRUVWHOOEDU GDVV
PLWWHOV*HQRPH(GLWLQJRGHUlKQOLFKHU0HWKRGHQHLQ,QIHNWLRQVULVLNRWDWVlFKOLFKHOLPLQLHUWZHU




UHV 5HVWULVLNR HLQHU ,QIHNWLRQ LQ .DXI JHQRPPHQZHUGHQ VROOWH 6FKZHL]HULVFKHU %XQGHVUDW
D6'DV*HVHW]VLHKWDOVRGHQ$XVVFKOXVVHLQHV5LVLNRVYRUZHOFKHVJOHLFK]HLWLJ
LP5DKPHQHLQHV5HVWULVLNRV DQDQGHUHU6WHOOH YRUEHKDOWHQEOHLEW'LH ,QNDXIQDKPHEHGLQJW
HLQHQ QDFKJHZLHVHQHQ WKHUDSHXWLVFKHQ1XW]HQ )UDJOLFK EOHLEW RE HLQ QDFKZHLVOLFKHU WKHUD
SHXWLVFKHU1XW]HQ GDV ,QIHNWLRQVULVLNR IU (PSIDQJHQGH XQG%HY|ONHUXQJ UHFKWIHUWLJHQ NDQQ
'|UU69RUDOOHPLVW]XIUDJHQZRULQGHU8QWHUVFKLHG]XUZHQLJHUZHLWJHKHQGHQ
9RUDXVVHW]XQJQDFK$UW$EVOLWD73*EHVWHKW
%HWUHIIHQG GDV ,QIHNWLRQVULVLNR NDQQ IROJHQGH .DVNDGH HUVWHOOW ZHUGHQ )U GHQ (UKDOW HLQHU
%HZLOOLJXQJ IU HLQH ;HQRWUDQVSODQWDWLRQ LP 5DKPHQ HLQHV NOLQLVFKHQ 9HUVXFKHV ZLUG GHU
1DFKZHLVYRUDXVJHVHW]WGDVVHLQ,QIHNWLRQVULVLNR©PLWKRKHU:DKUVFKHLQOLFKNHLWDXVJHVFKORV
VHQªLVW)UHLQH6WDQGDUGEHKDQGOXQJPXVVHLQVROFKHVKLQJHJHQDOVJHQHUHOO©DXVJHVFKORV





ZHOFKHV DOV XQYRUKHUVHKEDU JLOW XQG IDNWLVFK VHOEVW GDQQ QLFKW DXVJHVFKORVVHQ ZHUGHQ NDQQ
ZHQQGLH9HUZLUNOLFKXQJHLQHUEHVWLPPWHQ*HIDKUDOV©DXVJHVFKORVVHQªJLOW)UQLFKWHUNHQQED
UH 5LVLNHQ LVW HV DXV KDIWSIOLFKWUHFKWOLFKHU 3HUVSHNWLYH LQVRZHLW QDKHOLHJHQG QDFK JHOWHQGHP
5HFKW 6SH]LDOWDWEHVWlQGHLP6LQQHHLQHU*HIlKUGXQJVKDIWXQJ]XHQWZHUIHQ=HFK6
%HL GHU WDWVlFKOLFKHQ 9HUZLUNOLFKXQJ HLQHV 5HVWULVLNRV NlPHQ GDQQ HQWVSUHFKHQGH 3ULQ]LSLHQ









9HUXUVDFKHUSULQ]LSV KDW GHU *HVHW]JHEHU ]XGHP IHVWJHKDOWHQ GDVV GLH 9HUXUVDFKHQGHQ GLH
.RVWHQ IU0DVVQDKPHQWUDJHQPVVHQZHOFKHGLH]XVWlQGLJHQ%HK|UGHQ]X WUHIIHQKlWWHQ
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 

XP HLQ ,QIHNWLRQVULVLNR IU GLH %HY|ONHUXQJ DE]XZHKUHQ RGHU ]X YHUPLQGHUQ RGHU XP GXUFK
,QIHNWLRQHQHQWVWDQGHQH6FKlGHQIHVW]XVWHOOHQRGHU]XEHVHLWLJHQ$UWOLWDXQGE73*$OV




























P|JOLFKHQ$QZHQGXQJHQ YRQ*HQRPH (GLWLQJ9HUIDKUHQ LQ (LQNODQJ ]X EULQJHQ LVW ZLUG ]X
GLVNXWLHUHQVHLQ
;HQRWUDQVSODQWDWLRQ8OWLPD5DWLRRGHU0LWWHOGHUHUVWHQ:DKO"
'LH %HZLOOLJXQJVYRUDXVVHW]XQJHQ IU 6WDQGDUGEHKDQGOXQJHQ VRZLH IU NOLQLVFKH 9HUVXFKH
ZHUGHQYRQ$UWUHVS$UW;HQR9NRQNUHWLVLHUW$UW;HQR9VWHOOWGDEHLIUNOLQLVFKH9HU
VXFKHSULPlUDXIGLH4XDOLILNDWLRQHQXQG6DFKNHQQWQLVVHGHUPLWZLUNHQGHQ)DFKSHUVRQHQDE
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  *HQRPH(GLWLQJ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





3DWLHQWHQ ZlKUHQG GHU :DUWH]HLW DXI HLQH +HU] /XQJHQ /HEHU 1LHUHQ 3DQNUHDV RGHU
'QQGDUPVSHQGHYHUVWRUEHQ6ZLVVWUDQVSODQW61DFK$QJDEHQGHV%XQGHVDPWHV
IU*HVXQGKHLWEHWUXJGHU$QWHLOGHU6WUHLFKXQJHQYRQGHU:DUWHOLVWHDXIJUXQGYRU]HLWLJHQ7R
GHVGHU3DWLHQWLQQHQXQG3DWLHQWHQ LPVHOEHQ-DKU UXQG %XQGHVDPW IU*HVXQGKHLW
%$*E
=LHOGHU(UP|JOLFKXQJYRQ;HQRWUDQVSODQWDWLRQHQZlUHVFKOLHVVOLFKXQWHUDQGHUHPGHP0DQ
JHO DQPHQVFKOLFKHQ6SHQGHURUJDQHQEHJHJQHQ ]X N|QQHQ '|UU 6 9DOORWWRQ	
:HLEHO  6  6ROOWH GLH 0HWKRGH WDWVlFKOLFK IU 6WDQGDUGEHKDQGOXQJHQ WDXJOLFK
ZHUGHQPVVWHJHNOlUWZHUGHQREVLHLQGHP=XVDPPHQKDQJMHZHLOVQXUDOV8OWLPD5DWLR]XU





ZHUGHQ NDQQ XQG VRPLW HLQH$OORWUDQVSODQWDWLRQ ELVODQJ GLH EHVVHUH2SWLRQ GDUVWHOOW*UXQG










DXI .UDQNKHLWVHUUHJHU RGHU HQWVSUHFKHQGH +LQZHLVH ]X XQWHUVXFKHQ 'LHVH 3IOLFKW EHWULIIW
























PLQGHUQ %LV GDKLQ VROOWH GLH 0|JOLFKNHLW GHU ;HQRWUDQVSODQWDWLRQ LP /LFKWH GHV ,QIRUPHG
FRQVHQW-3ULQ]LSVQRFKPDOVJHQDXHUEHWUDFKWHWZHUGHQ
(LQZHLWHUHV3UREOHPGHUSUDNWLVFKHQ+DQGKDEXQJEHVWHKW LP=XVDPPHQKDQJPLWGHU7DWVD












6 'D VHLW (LQIKUXQJ GHV73* VRZLH GHU;HQR9 LQ GHU6FKZHL] QRFK NHLQ WLH
ULVFKHV2UJDQDXIHLQHQ0HQVFKHQEHUWUDJHQZXUGHKDEHQVLFKGLH)UDJHQQDFKGHUSUDN








SIOLFKW UHVSHNWLYH HLQH 6LFKHUVWHOOXQJ GHU /HLVWXQJ LP )DOOH HLQHU +DIWSIOLFKW LVW KLQJHJHQ
JHPlVV$UW$EVXQG;HQR9DXVGUFNOLFKIUGLH;HQRWUDQVSODQWDWLRQVRZLHIUGLH$E
JDEH HQWVSUHFKHQGHU 7UDQVSODQWDWH DQ 'ULWWH YRUJHVHKHQ 6FKZHL]HULVFKH *HVHOOVFKDIW IU
+DIWSIOLFKWXQG9HUVLFKHUXQJVUHFKW±6*+956









QLVFK YHUlQGHUWHQ SDWKRJHQHQ RGHU JHELHWVIUHPGHQ2UJDQLVPHQ LQ JHVFKORVVHQHQ 6\VWHPHQ




JOHLFK]HLWLJ ]XP =ZHFNH GHU ;HQRWUDQVSODQWDWLRQ YHUZHQGHW ZHUGHQ N|QQHQ ,Q GLHVHU 9HU
ZHQGXQJVLQGVLHZLHGHUXPGHQ+DIWXQJVQRUPHQYRQ73*XQG;HQR9XQWHUVWHOOW'DV6FKlGL


















YRQ GHUVHOEHQ UHFKWOLFKHQ7UlJHUVFKDIW GXUFKJHIKUW ZUGHQ ,P hEULJHQZHUGHQ MHGRFK )lOOH
VROLGDULVFKHU+DIWXQJ]XHUZDUWHQVHLQ'LH]XPLQGHVW IUGHQ6FKDGHQVDXVJOHLFKLP,QQHQYHU
KlOWQLVHQWVFKHLGHQGH)UDJHREGLH6FKlGLJXQJDXIGLHJHQWHFKQLVFKH9HUlQGHUXQJGHU2UJDQH












WHV +DIWXQJVUHJLPH ]X HQWZLFNHOQ EHUHLWV ZHLW ]XUFN %HL (LQIKUXQJ GHU ;HQRWUDQVSODQWD
WLRQVYHURUGQXQJVWHOOWHVLFKGLH)UDJHQDFKHLQHP%HGDUIDQHQWVSUHFKHQGHQ+DIWXQJVQRUPHQ
,P)DOOHHLQHU6FKlGLJXQJDOOHLQDXIGLHDOOJHPHLQHQSULYDWUHFKWOLFKHQ0DVVVWlEHLP6LQQHYRQ
$UW 2EOLJDWLRQHQUHFKW 25 DE]XVWHOOHQZXUGHQDFKGHU%RWVFKDIW GHV%XQGHVUDWHV ]XP
7UDQVSODQWDWLRQVJHVHW]YRP6HSWHPEHUIUXQJHQJHQGHUDFKWHWZHLOHLQ9HUVFKXO
GHQZRKOVHOWHQQDFKJHZLHVHQZHUGHQN|QQH,P+LQEOLFNDXIGLHJUDYLHUHQGHQ5LVLNHQZUGH
GLHVHU$QVDW] ]X ZHQLJ 6FKXW] ELHWHQ$XFK$UW  25ZXUGH DOV XQJHQJHQGH +DIWXQJV
JUXQGODJHEHWUDFKWHW'HU9RUHQWZXUIGHV73*VDK IU;HQRWUDQVSODQWDWLRQHQQRFKHLQH*H
IlKUGXQJVKDIWXQJYRU6FKZHL]HULVFKHU%XQGHVUDWD6
$XIHLQHVROFKHVSH]LHOOH LP73*YHUDQNHUWH*HIlKUGXQJVKDIWXQJZXUGH MHGRFK LPZHLWHUHQ
*HVHW]JHEXQJVYHUIDKUHQ YHU]LFKWHW YJO : )HOOPDQQ  %HJUQGHW ZXUGH GLHV GDPLW
GDVVQDFKGDPDOLJHU5HFKWVODJHGLH*HIlKUGXQJVKDIWXQJGHV8PZHOWVFKXW]JHVHW]HV IUGHQ
8PJDQJPLW SDWKRJHQHQRGHUJHQWHFKQLVFK YHUlQGHUWHQ2UJDQLVPHQ JUXQGVlW]OLFKDXFKDXI
GLH;HQRWUDQVSODQWDWLRQDQZHQGEDUZDU*HlQGHUWZXUGHQ LQGHU)ROJHKLQJHJHQGLH%HVWLP
PXQJHQ]XU3URGXNWHKDIWSIOLFKW
*HPlVV GHP ]X JOHLFKHU =HLW ]XU 'LVNXVVLRQ VWHKHQGHQ (QWZXUI ]XP 8PZHOWVFKXW]JHVHW]





9HUZLUNOLFKXQJ HLQHU YRQ HQWVSUHFKHQGHQ2UJDQLVPHQ DXVJHKHQGHQ*HIDKU EH]HLFKQHW %HL
JHQWHFKQLVFKYHUlQGHUWHQ2UJDQLVPHQEHVWHKHGLHW\SLVFKH*HIDKUGDULQGDVVVRYHUlQGHUWH
(LJHQVFKDIWHQ VLFK HUQHXW YHUlQGHUQ ZUGHQ PLW 9HUZHLV DXI GLH ,QVWDELOLWlW GHU (UEHLJHQ






.XOWXU6 I+DIWXQJVEHVWLPPXQJHQ ILQGHQVLFKKHXWHVRPLW LP*7*VRZLH LP3UR
GXNWHKDIWSIOLFKWJHVHW] 3U+*:DVGLH+DIWSIOLFKWUHJHOXQJHQEHWULIIW IROJWH GLH VWlQGHUlWOLFKH
.RPPLVVLRQ LP:HVHQWOLFKHQ MHGRFKGHUYRP%XQGHVUDW LQVHLQHU%RWVFKDIWYRUJH]HLFKQHWHQ
/LQLH 'LHVH HQWVSULFKW HLQHU YHUVWlUNWHQ XPZHOWUHFKWOLFKHQ *HIlKUGXQJVKDIWXQJ IU $QODJHQ
XQG %HWULHEH LQ GHQHQ PLW JHQWHFKQLVFK YHUlQGHUWHQ 2UJDQLVPHQ XPJHJDQJHQ ZLUG $XFK
ZXUGHJHPlVVGHPVWlQGHUlWOLFKHQ%HULFKWGDV9RUVRUJHXQGGDV9HUXUVDFKHUSULQ]LSDXVGHP
8PZHOWVFKXW]JHVHW] EHUQRPPHQ .RPPLVVLRQ IU:LVVHQVFKDIW %LOGXQJ XQG .XOWXU 
6II$OV]HQWUDOH+DIWXQJVUHJHOXQJVROOLP)ROJHQGHQGLH+DIWXQJQDFK3U+*HUOlXWHUWZHU
GHQ










+DIWXQJVYHUDQWZRUWOLFK VLQG GLH +HUVWHOOHQGHQ $UW  3U+* +LHU VWHOOW VLFK GLH )UDJH ZHU










WXQJ GHU 6SHQGHQGHQ DOV ©+HUVWHOOHQGHª DOV DXVJHVFKORVVHQ JHOWHQ ZHLWHUIKUHQG: )HOO
PDQQ6$OOHUGLQJVPVVWHHLQ3URGXNWLP6LQQHGHV3URGXNWHVLFKHUKHLWVJHVHW]HV
DXFK©YHUZHQGXQJVEHUHLWªVHLQXPDOVVROFKHVXQGQLFKWDOVUHLQHU5RKVWRII]XJHOWHQ3IHQ
QLQJHU 6 %KOHU 6 )UDJOLFK LVW REGLHV LP=XVDPPHQKDQJPLW GHU
;HQRWUDQVSODQWDWLRQQLFKWHUVWQDFKJHQHWLVFKHU9HUlQGHUXQJGHVWLHULVFKHQ6XEVWUDWHVGHU)DOO
ZlUH8PGLH+HUVWHOOHQGHQIXQNWLRQLQQH]XKDEHQUHLFKWHVQDFK$UW$EVOLWD3U+*DXV
OHGLJOLFK HLQHQ*UXQGVWRII IU HLQ 3URGXNW KHU]XVWHOOHQ ,Q GHU /HKUH ZLUG LQVRZHLW YHUWUHWHQ
GDVVEHLVSLHOVZHLVHEHUHLWVGLH%HWUHLEHQGHQHLQHU6FKZHLQH]XFKWZHOFKHGLH7LHUH]XPVSl
WHUHQ =ZHFNH GHU 7UDQVSODQWDWLRQ DXI]LHKHQ DOV +HUVWHOOHQGH JHOWHQ VROOHQ '|UU 	 3DGUXWW
5]
'HPJHJHQEHUPXVV MHGRFK GDQDFK JHIUDJW ZHUGHQ RE DXFK GLHMHQLJHQ +HUVWHOOHQGH VLQG
ZHOFKHOHGLJOLFKHLQH9HUlQGHUXQJGHVWLHULVFKHQ*HQRPVYHUDQODVVWKDEHQZlKUHQGGDVGHU
DUW YHUlQGHUWH 7LHU HUVW HLQHQ HQWVSUHFKHQGHQ ©5RKVWRIIª DOV ;HQRJUDIW ]X SURGX]LHUHQ YHU
PDJ$OOHQIDOOVN|QQWHQ©*HQRPFKLUXUJHQªXQG©*HQRPFKLUXUJLQQHQªKLHUDOVGLH©+HUVWHOOHQ
GHQHLQHV*UXQGVWRIIHVªLP6LQQHYRQ$UW$EVOLWD3U+*DQ]XVHKHQVHLQ
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
)U GLH EHKDQGHOQGHQ bU]WLQQHQ RGHU bU]WH PVVWH KLQJHJHQ JHOWHQ GDVV VLH RKQH HLJHQH
9HUlQGHUXQJGHV7UDQVSODQWDWVQLFKW+HUVWHOOHQGH LP6LQQHGHV3U+*VLQG:UGHHLQH(LQ
ELQGXQJLQGLH+DIWXQJHUIROJHQPVVWHQbU]WLQQHQXQGbU]WHGDV7UDQVSODQWDWXQPLWWHOEDUYRU








DXV KHUJHVWHOOWH 7UDQVSODQWDWSURGXNWH GLH ]XU 7UDQVSODQWDWLRQ DXI GHQ 0HQVFKHQ EHVWLPPW
VLQGJHOWHQ6ROOWHVLFKWDWVlFKOLFKHLQ5LVLNRLP=XVDPPHQKDQJPLWHLQHU;HQRWUDQVSODQWDWLRQ
YHUZLUNOLFKHQ ZlUHQ *HVFKlGLJWH GHQQRFK PLW GHP 1DFKZHLV GHV .DXVDO]XVDPPHQKDQJV
NRQIURQWLHUW'LHVHUGUIWHQLFKW]XOHW]WDXFKDXIJUXQGGHU.RPELQDWLRQGHU0HWKRGHQGHU;H





'DVV LPKDIWXQJVUHFKWOLFKHQ=XVDPPHQKDQJEHUHLWV GLH6FKZLHULJNHLW EHVWHKHQ NDQQ HLQHQ
QDWUOLFKHQ.DXVDO]XVDPPHQKDQJQDFK]XZHLVHQLVWLPhEULJHQDEHUNHLQH6RQGHUSUREOHPDWLN












OLFKUHFKWOLFKH %HKDQGOXQJVV]HQDULHQ XQG GDPLW YHUEXQGHQH 6FKDGHQHUVDW]IRUGHUXQJHQ HU
JlQ]HQGJHUHJHOW6RZHLW LQGLHVHP=XVDPPHQKDQJVWDDWOLFKH$NWHXULQQHQXQG$NWHXUH WlWLJ
ZHUGHQZLH]XP%HLVSLHObU]WLQQHQXQGbU]WHLQ|IIHQWOLFKHQ6SLWlOHUQRGHU)RUVFKXQJVLQVWLWX
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IHVWJHVFKULHEHQ (QWVSUHFKHQGH 4XHUYHUZHLVH DXI GDV *7* IHKOHQ GHPJHJHQEHU ZHLWJH
KHQG(LQH$XVQDKPHILQGHWVLFKLQGHU9RUVFKULIWGHV$UW$EVOLWG;HQR9ZHOFKHVLFK
DXI GHQ LP %HZLOOLJXQJVYHUIDKUHQ ]X HUEULQJHQGHQ 1DFKZHLV EH]LHKW GDVV GLH :UGH GHU
.UHDWXUQDFKGHQ$UWXQG*7*QLFKWPLVVDFKWHWZRUGHQLVW:DVGLH.HQQ]HLFKQXQJYRQ
JHQHWLVFK YHUlQGHUWHQ WLHULVFKHQ2UJDQHQ*HZHEHQ RGHU =HOOHQ EHWULIIW OHJW$UW  ;HQR9
IHVW GDVV2UJDQH*HZHEH RGHU =HOOHQ GLH YRQ JHQWHFKQLVFK YHUlQGHUWHQ7LHUHQ VWDPPHQ
RGHUQDFKGHU(QWQDKPHJHQWHFKQLVFKYHUlQGHUWZXUGHQVRZLHGDUDXVKHUJHVWHOOWH7UDQVSODQ
WDWSURGXNWH XQG JHQWHFKQLVFK YHUlQGHUWH 7LHUH DOV 2UJDQTXHOOHQ PLW GHQ:RUWHQ ©JHQWHFK
QLVFKYHUlQGHUWªRGHU©JHQHWLVFKYHUlQGHUWªJHNHQQ]HLFKQHWZHUGHQPVVHQ(LQ9HUZHLVDXI
GLH YHUJOHLFKEDUH DOOHUGLQJVDXVIKUOLFKHUH%HVWLPPXQJGHV$UW *7* LVW GDKHUHEHQIDOOV
HQWEHKUOLFK
,QHLQHPHUOlXWHUQGHQ%HULFKW ]XU;HQR9 LVW VRGDQQNODUVWHOOHQG IHVWJHKDOWHQGDVVJHQWHFK
QLVFK YHUlQGHUWH2UJDQH*HZHEH XQG =HOOHQ DXFK GHP*HQWHFKQLNJHVHW] XQWHUOLHJHQ'HU
%HUHLFKGHU7UDQVSODQWDWLRQJHQWHFKQLVFKYHUlQGHUWHU2UJDQH*HZHEHRGHU=HOOHQZHUGHDEHU
QLFKW YRP *7* JHUHJHOW 9LHOPHKU VROO GDV $XVIKUXQJVUHFKW ]XP 7UDQVSODQWDWLRQVJHVHW]
VHOEVWGLHHQWVSUHFKHQGHQ9RUVFKULIWHQ]XP6FKXW]GHU8PZHOWGDVKHLVVWLQGLUHNWDXFK]XP







6DDWJXW XQG DQGHUHQ SIODQ]OLFKHQ 9HUPHKUXQJVPDWHULDOLHQ VRZLH JHQWHFKQLVFK YHUlQGHUWHQ
7LHUHQ ]X ODQGZLUWVFKDIWOLFKHQ JDUWHQEDXOLFKHQ RGHUZDOGZLUWVFKDIWOLFKHQ=ZHFNHQ*HQWHFK
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WHFKQLVFK YHUlQGHUWHQ7LHUHQ2EVFKRQ$UW *7* DOV lex specialis HLQH 6SH]LDOQRUP GDU















*HVHW]JHEHUJOHLFKPLW ]ZHL UHODWLY RIIHQHQ0DVVJDEHQ=XPHLQHQPXVVGLH)UDJHZHOFKH

 =XPJHQDXHQ:RUWODXWXQG$XVQDKPHEHVWLPPXQJHQVLHKH$UW$EV;HQR9




NHQQWQLVVHQ EHDQWZRUWHW ZHUGHQ =XP DQGHUHQ JHKW DXV GHU 9HURUGQXQJ NHLQH QlKHUH %H
VWLPPXQJ GDUEHU KHUYRU VHLW ZLH YLHOHQ *HQHUDWLRQHQ GLH EHWUHIIHQGHQ 7LHUH LQ *HIDQJHQ
















QDPHQWOLFK IROJHQGH EHUZLHJHQGHQ VFKW]HQVZHUWHQ ,QWHUHVVHQ HLQH %HHLQWUlFKWLJXQJ DUW
VSH]LILVFKHU(LJHQVFKDIWHQ)XQNWLRQHQRGHU/HEHQVZHLVHQ UHFKWIHUWLJHQGLH*HVXQGKHLWYRQ
0HQVFKXQG7LHU OLWDGLH6LFKHUXQJHLQHUDXVUHLFKHQGHQ(UQlKUXQJ OLWEGLH9HUPLQGH
UXQJ |NRORJLVFKHU %HHLQWUlFKWLJXQJHQ OLW F GLH (UKDOWXQJ XQG 9HUEHVVHUXQJ |NRORJLVFKHU








GHW ZHUGHQ N|QQHQ *HUDGH GLHVHV %HJUQGXQJVHUIRUGHUQLV VWHOOW DOOHUGLQJV HLQH EHVRQGHUH
UHFKWOLFKH+UGHGDUZHOFKHLQGHU5HJHOQXULQNRQNUHWHQ(LQ]HOIlOOHQDUJXPHQWDWLYEHUZXQ






,QWHUHVVHQ KLQWHU GHQHQ LP )DOOH GHU ;HQRWUDQVSODQWDWLRQ GHU 6FKXW] GHV (LJHQZHUWHV YRQ
7LHUHQDXVQDKPVZHLVH]XUFNWUHWHQN|QQWH0LW%OLFNDXIHLQEHUZLHJHQGHV*HVXQGKHLWVLQWH
UHVVH ZlUH GDQQ HWZD HLQH JHQDXHUH $EJUHQ]XQJ ]ZLVFKHQ WKHUDSHXWLVFKHQ =ZHFNHQ XQG
(QKDQFHPHQW ]X IRUPXOLHUHQ XQG LQ %H]XJ DXI GDV ,QWHUHVVH DQ:LVVHQVYHUPHKUXQJZlUH




ferenda ZlUH LQGLHVHU+LQVLFKWHLQH.ODUVWHOOXQJ]XVXFKHQZHOFKH LQ GHU;HQR9±HWZD LQ
)RUPYRQ5HJHOEHLVSLHOHQ±]XOlVVLJH;HQRWUDQVSODQWDWLRQV]LHOHIRUPXOLHUW
%HVWlWLJWZLUGGLHVHVUHFKWOLFKH9HUVWlQGQLVHLQHU7LHUZUGHGXUFKGLH/HJDOGHILQLWLRQGHV$UW
OLW D76FK*GLHGHQ%HJULII GHU©:UGHªZLH IROJWEHVWLPPW©(LJHQZHUWGHV7LHUHVGHU LP
8PJDQJPLW LKP JHDFKWHW ZHUGHQPXVV 'LH:UGH GHV7LHUHVZLUGPLVVDFKWHW ZHQQ HLQH
%HODVWXQJ GHV7LHUHV QLFKW GXUFK EHUZLHJHQGH ,QWHUHVVHQ JHUHFKWIHUWLJWZHUGHQ NDQQ (LQH
%HODVWXQJ OLHJWYRUZHQQGHP7LHU LQVEHVRQGHUH6FKPHU]HQ/HLGHQRGHU6FKlGHQ]XJHIJW
















,QGLYLGXHQ YRQ$UWHQ NDWHJRULVLHUW GLH GLUHNW RGHU LQGLUHNW ]XU 3URGXNWLRQ YRQ /HEHQVPLWWHOQ
RGHUIUHLQHEHVWLPPWHDQGHUH/HLVWXQJJHKDOWHQZHUGHQRGHUGDIUYRUJHVHKHQVLQG$UW
$EVOLWD76FK9:HUGHQ]XGHP9HUVXFKHYRUJHQRPPHQN|QQHQVLHDXFKDOV9HUVXFKV




TXHOOH JHKDOWHQZHUGHQ 1LFKW ]X YHUZHFKVHOQ VLQG+DXVWLHUHPLW +HLPWLHUHQ QDFK$UW 
$EVOLWE76FK9
,P +LQEOLFN GDUDXI GDVV QDPHQWOLFK 6FKZHLQH IU ;HQRWUDQVSODQWDWLRQHQ DOV SRWHQ]LHOOH 2U
JDQTXHOOHQ LQIUDJH NRPPHQ 6FKLFNWDQ]  6  I UHJHOQ GLH$UW  II 76FK9 GHUHQ
+DOWXQJVEHGLQJXQJHQ'D]XJHK|UW]XP%HLVSLHOJHPlVV$UW$EV76FK9GLH+DOWXQJLQ
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YRQ ;HQRWUDQVSODQWDWLRQHQ HLQHUVHLWV GHQ 6LFKHUKHLWVDQIRUGHUXQJHQ HWZD PLW 5FNVLFKW DXI










$OV DQHUNDQQWH0HWKRGH ]XU (U]HXJXQJ JHQWHFKQLVFK YHUlQGHUWHU7LHUH JLOW ELVODQJ LQ HUVWHU
/LQLHQXUGDV.UHX]HQJHQWHFKQLVFKYHUlQGHUWHU/LQLHQ$UW$EVL9P$QKDQJ7LHUYHU













WXQJ YRQ6FKZHLQHQ EHWUHIIHQ$OOHQIDOOVPVVWHQ DXFK IU GHQ)DOO GDVV DXVPHGL]LQLVFKHU







SHU  6  (V LVW IUDJOLFK ZLH VFKZHUZLHJHQG HLQH +DQGOXQJ PLW 5FNVLFKW DXI
GLH7LHUZUGHHLQ]XVFKlW]HQLVWZHQQGHU%HODVWXQJVJUDGOHGLJOLFKEHL6WXIH OLHJWGDV7LHU





















ZDU VLFK GLH0HKUKHLW GHU(.$+GDUEHU HLQLJ GDVVHLQH VROFKH XQWHU%HGLQJXQJHQHUODXEW
VHLQVROOWH'LH+lOIWHGHU0LWJOLHGHUYHUWUDW]XGHPGLH$QVLFKWGDVVVLHQXUGDQQHUODXEWVHLQ
VROOH ZHQQ GLH 1LFKW*HQWHFKQLN$OWHUQDWLYH |NRORJLVFK XQG VLFKHUKHLWVWHFKQLVFK XQYHUKlOW
QLVPlVVLJVHL(.$+6
'DV%HLVSLHOGHU*WHUDEZlJXQJLP=XVDPPHQKDQJPLW7LHUYHUVXFKHQ]HLJWGDVVHLQHVROFKH
$EZlJXQJ LQ GHU .ROOLVLRQ ]ZLVFKHQ XUVSUQJOLFK DOV XQYHUIJEDU NRQ]LSLHUWHQ:HUWHQ ± GHU
7LHUZUGH XQG )RUVFKXQJVIUHLKHLW ± QXU VHKU VFKZHU YRU]XQHKPHQ LVW /lVVW PDQ GHQQRFK
ZHLWHUKLQ7LHUYHUVXFKH ]X =ZHFNHQPHGL]LQLVFKHU )RUVFKXQJ ]X VR OlVVW VLFK DXV WLHUUHFKW
OLFKHU6LFKWHLQHYHUJOHLFKEDUH%HZHUWXQJGDIUILQGHQGDVV7LHUH]X7KHUDSLH]ZHFNHQJHQH
WLVFKYHUlQGHUWXQGVWHULOJHKDOWHQZHUGHQ2EVFKRQGLH=XODVVXQJQHXHUHU0HWKRGHQXQG9HU





HLQHQ GLH .RQNUHWLVLHUXQJ GHU +DOWXQJVEHGLQJXQJHQ YRQ 7LHUHQ DOV 2UJDQTXHOOHQ VHLQ ]XP
DQGHUHQZLUG HV VFKOLHVVOLFK XP HLQH JHQDXHUH%HVWLPPXQJ YRQ OHJLWLPHQ)RUVFKXQJV XQG
7KHUDSLH]LHOHQGHU;HQRWUDQVSODQWDWLRQJHKHQPVVHQ
 (PEU\RQHQIRUVFKXQJXQG.HLPEDKQWKHUDSLH
:lKUHQG GDV $QZHQGXQJVIHOG GHU ;HQRWUDQVSODQWDWLRQ YRU DOOHP YRQ 5LVLNR1XW]HQ%HZHU
WXQJHQLP+LQEOLFNDXI*HVXQGKHLWVVFKXW]XQG6FKlGLJXQJVSRWHQ]LDOHYRUGHP+LQWHUJUXQGYRQ
6WDWXVIUDJHQQDFKPHQVFKOLFKHUXQGNUHDWUOLFKHU:UGHEHVWLPPWZLUG UFNW EHL)UDJHQGHU




$EZlJXQJ XQG $XVEOHQGXQJ YRQ 6WDWXVIUDJHQ GHV XQJHERUHQHQ /HEHQV XQG QDFKIROJHQGHU














GHU 1RUP VWDWXLHUW $XFK HQWVSUHFKHQGH 9HUERWH QDFK $UW  $EV  OLW E 6WDPP]HOOHQIRU
VFKXQJVJHVHW] 6W)* VRZLH$UW  )RUWSIODQ]XQJVPHGL]LQJHVHW] )0HG* VLQG ]X EHUFN













HQWVFKHLGXQJ ]X ZHOFKH )RUVFKXQJVYRUKDEHQ 8QWHUVWW]XQJ ILQGHQ :HLWHUH VFKUDQNHQVHW
]HQGH%HVWLPPXQJHQHUJHEHQVLFKIUGLH%HUHLFKH)RUWSIODQ]XQJVPHGL]LQXQG*HQWHFKQROR
JLHLP+XPDQEHUHLFKDXV$UW%9([SOL]LWZLUGGLH)RUVFKXQJDP0HQVFKHQYRQ$UWE
%9JHUHJHOW =XEHDFKWHQ LVW HEHQIDOOVGLH YRQGHU6FKZHL] UDWLIL]LHUWH%LRPHGL]LQNRQYHQWLRQ
%0. GLH VRJHQDQQWH0LQLPDOVWDQGDUGV IU9HUVXFKHDQ3HUVRQHQXQG(PEU\RQHQ in vitro
HQWKlOW6FKZHL]HULVFKH$NDGHPLHGHU0HGL]LQLVFKHQ:LVVHQVFKDIWHQ6'DV+)*
ZHOFKHVJHVWW]WDXI$UWE$EV%9HUODVVHQZXUGHLVWQXUIU9HUVXFKHDQ(PEU\RQHQin 






 =XU 'LVNXVVLRQ LQZLHZHLW .HLPEDKQWKHUDSLH GLH 0HQVFKHQZUGH WDQJLHUW YJO LQVEHVRQGHUH DXFK PLW %OLFN DXI
'HXWVFKODQGGHQ%HULFKWGHU©%HQGD.RPPLVVLRQª%XQGHVPLQLVWHUIU)RUVFKXQJXQG7HFKQRORJLH6II
)UHLQH%HJULIIVNOlUXQJVLHKH,QIRER[DXI6HLWH













'LH)RUVFKXQJDQ(PEU\RQHQ OlVVW VLFK JUXQGVlW]OLFK QDFK]ZHL XQWHUVFKLHGOLFKHQSULPlUHQ
=LHOULFKWXQJHQ XQWHUVFKHLGHQ =XP HLQHQ NDQQ *HQRPH (GLWLQJ LP =XVDPPHQKDQJ PLW GHU
(UIRUVFKXQJYRQ(PEU\RQHQXQGGHUHQ(QWZLFNOXQJ]XU$QZHQGXQJNRPPHQ=XPDQGHUHQ
NDQQ GLH )RUVFKXQJ DQ (PEU\RQHQ GDV =LHO YHUIROJHQ JUXQGOHJHQGH (UNHQQWQLVVH EHU GLH
QHXHQ9HUIDKUHQXQG0HWKRGHQVHOEVW]XJHZLQQHQ.HLQHVGHUEHLGHQ)RUVFKXQJV]LHOHNDQQ
QDFKGHUJHJHQZlUWLJHQ5HFKWVODJHLQGHU6FKZHL]YHUIROJWZHUGHQ












LQ GLH .HLPEDKQ VWHKHQ ]ZDU ZHLWHUH HLQVFKUlQNHQGH %HVWLPPXQJHQ HQWJHJHQ $OOHUGLQJV












QDFK ,9)%HKDQGOXQJHQ DQIDOOHQ N|QQHQ 6WDPP]HOOHQ ]X HQWQHKPHQ YJO$UW  II 6W)*
VRIHUQGLHYHUZHQGHWHQ(PEU\RQHQQLFKW]XU+HUEHLIKUXQJHLQHU6FKZDQJHUVFKDIWYHUZHQGHW
ZHUGHQ N|QQHQ XQG GHVKDOE NHLQH(QWZLFNOXQJV XQGhEHUOHEHQVFKDQFH KDEHQ $UW  OLW E
6W)*'LH(PEU\RQHQGUIHQQDFK$UW$EVOLWD6W)*]XNHLQHPDQGHUHQ=ZHFNDOV]XU
*HZLQQXQJHEHQGLHVHU6WDPP]HOOHQYHUZHQGHWZHUGHQ,P8PJDQJPLWHPEU\RQDOHQ6WDPP
]HOOHQ JLOW ]XGHP GDV 6XEVLGLDULWlWVSULQ]LS 6FKZHL]HULVFKHU %XQGHVUDW  6 
ZHOFKHVPLW$UW OLWE6W)*(LQJDQJ LQGLHHQWVSUHFKHQGH*HVHW]JHEXQJHUODQJWKDW(QW
VSUHFKHQGH)RUVFKXQJVSURMHNWHGUIHQGHPQDFKQXUGDQQGXUFKJHIKUWZHUGHQZHQQJOHLFK
ZHUWLJH(UNHQQWQLVVHQLFKW DXI DQGHUHP:HJHUODQJWZHUGHQ N|QQHQ0LW GHU(QWQDKPHGHU
6WDPP]HOOHQZLUG]XGHPGHU(PEU\R]HUVW|UWZHVKDOEGLH6WDPP]HOOHQIRUVFKXQJDQPHQVFK
OLFKHQ (PEU\RQHQ HWKLVFK XPVWULWWHQ LVW 0LW GHU LQ]ZLVFKHQ HUIROJWHQ =XODVVXQJ GHU 3UlLP
SODQWDWLRQVGLDJQRVWLN 3,'ZXUGHEHZXVVW LQ.DXIJHQRPPHQGDVVGDEHLPHKUEHU]lKOLJH
(PEU\RQHQ HQWVWHKHQ N|QQHQ DOV LP 5DKPHQ ELVKHULJHU ,QYLWUR)HUWLOLVDWLRQ%HKDQGOXQJHQ
%FKOHU	0LFKHO6$XFKGLHVH(PEU\RQHQN|QQWHQDOVRZLHGHUXP]XU(QWQDK
PHYRQ6WDPP]HOOHQYHUZHQGHWZHUGHQ
$QGHUHDOVEHU]lKOLJH(PEU\RQHQ]XU)RUVFKXQJ in vitro]XYHUZHQGHQ LVWYRQGHU5HFKWV
RUGQXQJQLFKWYRUJHVHKHQ(PEU\RQDOH6WDPP]HOOHQVLQGQDFKGHU/HJDOGHILQLWLRQYRQ$UW

















'DIUPVVWH IU GHQ(PEU\RHLQGLUHNWHU1XW]HQ]XHUZDUWHQ VHLQ6RIHUQHLQ VROFKHUQLFKW
DQ]XQHKPHQ LVW NlPH HLQH $QZHQGXQJ YRQ *HQRPH (GLWLQJ QXU GDQQ LQ %HWUDFKW ZHQQ
          
          
          
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 

PLWOlQJHUIULVWLJHQ (UNHQQWQLVVHQ ]X UHFKQHQ ZlUH XQG LP 5DKPHQ HLQHU 5LVLNR1XW]HQ
$EZlJXQJGLH5LVLNHQDOVPLQLPDOHLQJHVWXIWZHUGHQN|QQWHQ'HU]HLWVLQGGLH&KDQFHQXQG





 I 'LHVHU 7HLODVSHNW GHU :LVVHQVFKDIWVIUHLKHLW ZLUG DOV )RUVFKXQJVIUHLKHLW EH]HLFKQHW
5KLQRZ5]XQGJHK|UW]XGHQ)UHLKHLWVUHFKWHQXQWHUGHQ*UXQGUHFKWHQ(LQ
VFKUlQNXQJHQYRQ*UXQGUHFKWHQEHGUIHQJHPlVV$UW %9HLQHUJHVHW]OLFKHQ*UXQGODJH
PVVHQ LP |IIHQWOLFKHQ ,QWHUHVVH OLHJHQ XQG YHUKlOWQLVPlVVLJ VHLQ 'HU .HUQJHKDOW HLQHV
*UXQGUHFKWVGDUIGDEHLQLFKWDQJHWDVWHWZHUGHQ
'LHHUIRUGHUOLFKHJHVHW]OLFKH*UXQGODJH IUGLH(LQVFKUlQNXQJGHU)RUVFKXQJDQ(PEU\RQHQ




DUJXPHQWLHUW ZHUGHQ GDVV LQVEHVRQGHUH GLH YHUEUDXFKHQGH (PEU\RQHQIRUVFKXQJ XQG GLH
GDPLWVHKUZHLWJHKHQGH ,QVWUXPHQWDOLVLHUXQJGHV(PEU\RVDXV6LFKWGHU|IIHQWOLFKHQ ,QWHUHV
VHQVRODQJHXQWHUVDJWEOHLEHQVROOWHZLHGHUUHFKWOLFKH6WDWXVLQ%H]XJDXIGLH:UGHXQNODU








ZHOFKHV=LHOPLW GHU(LQVFKUlQNXQJHQWVSUHFKHQGHU)RUVFKXQJ YHUIROJWZLUG )UDJOLFK LVW RE
GHU*HVHW]JHEHU XUVSUQJOLFK 6]HQDULHQZLH GDV .ORQLHUHQ YRQ0HQVFKHQ YRU$XJHQ KDWWH
'DPLWZUGHGDV9HUERW LP.RQWH[WGHU0HQVFKHQZUGHHLQHQDOOJHPHLQHQ=ZHFNYHUIROJHQ
XQGZHQLJHUGHPHLQ]HOQHQ(PEU\RGLHQHQ'DVVFKOLHVVWDEHUQLFKWDXVGHP(PEU\ROHW]WOLFK
GRFK HLQHQ 6HOEVW]ZHFN ]X]XHUNHQQHQ GHQ HV XQWHU GHP $VSHNW GHU 0HQVFKHQZUGH ]X
VFKW]HQJLOW















LP(LQ]HOQHQ MHGRFK XQNODU XQGZXUGH LQ DQGHUHP=XVDPPHQKDQJ ]X HLQHP IUKHUHQ =HLW
SXQNWDXFKRIIHQJHODVVHQ'DV%XQGHVJHULFKWKDW LQHLQHPGDYRUHUJDQJHQHQ(QWVFKHLG)RO








DXI GHQ 6WDWXV YRQ (PEU\RQHQ LP =XVDPPHQKDQJ PLW GHU YHUEUDXFKHQGHQ (PEU\RQHQIRU









IUDJOLFK ZLH GHU XQEHVWLPPWH UHFKWOLFKH 6WDWXV YRQ (PEU\RQHQ ,P =XVDPPHQKDQJ PLW GHU
)RUVFKXQJXQG%LRVLFKHUKHLWVWHOOWHGLH(LGJHQ|VVLVFKH(WKLNNRPPLVVLRQIUGLH%LRWHFKQRORJLH
LP $XVVHUKXPDQEHUHLFK (.$+ XQOlQJVW HQWVSUHFKHQGH hEHUOHJXQJHQ DQ 'DEHL NDP LP
=XVDPPHQKDQJPLWGHU'LVNXVVLRQEHU3XEOLNDWLRQVHLQVFKUlQNXQJHQ]XP$XVGUXFNGDVV
VRJDU )RUVFKXQJVYHUERWH ZHOFKH VFKZHUHU LQ GLH )RUVFKXQJVIUHLKHLW HLQJUHLIHQ DOV 3XEOLND









WLJde lege ferenda ]XJHODVVHQZHUGHQVROOWHZLUGPLWXQWHUHLQHYHUPHLQWOLFKNODU NRQWXULHUWH
)RUVFKXQJVIUHLKHLWGHPLQVHLQHU%HGHXWXQJXQG5HLFKZHLWHXQVLFKHUHQ:UGHVWDWXVGHVXQ

 .RQNUHW JLQJ HV GDEHL XP GLH3XEOLNDWLRQVEHVFKUlQNXQJZLVVHQVFKDIWOLFKHU (UJHEQLVVH QDPHQWOLFK ]XUhEHUWUD
JXQJYRQ9RJHOJULSSHYLUHQ GHUHQ EUHLWH.HQQWQLVQDKPH]X6FKDGHQVXQG0LVVEUDXFKVIlOOHQ IKUHQ N|QQWH VLHKH
GD]X(.$+6II
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 















YXOQHUDEOHQ 3HUVRQHQ XQG PLWKLQ GLH )RUVFKXQJVIUHLKHLW ©DXV HLQHP XQDEKlQJLJHQ PRUDOL
VFKHQ6WDQGSXQNWªK|KHU]XJHZLFKWHQVHLHQDOVGLH:UGHYRQ(PEU\RQHQ'LH:UGHIUKHU
(PEU\RQHQGUIHQLFKW DEVROXW JHVHW]W XQGGHU)RUVFKXQJVIUHLKHLW EHUJHRUGQHWZHUGHQ$OV
©UHLQREMHNWLYHU:HUWRKQH%H]XJ]XU9XOQHUDELOLWlWHLQHV/HEHZHVHQVªN|QQHGLH0HQVFKHQ
ZUGH IUKHU (PEU\RQHQ GDKHU QLFKW GLH$XVEXQJ GHU )RUVFKXQJVIUHLKHLW YHUGUlQJHQ 5W
VFKH 6  I5WVFKH YHUWULWW GDPLW HLQHQ LQGHU VFKZHL]HULVFKHQ9HUIDVVXQJVOHKUH
YJO%*(ODII6FKZHL]HULVFKHU%XQGHVUDW6YHUEUHLWHWHQ$QVDW]






VRZHLW MHGHQIDOOV YHUERWHQ (LQ 6FKXW] DOV 5HFKWVSHUVRQ NRPPW DXV GLHVHU 6LFKW DOOHUGLQJV
QLFKWLQ%HWUDFKW
'LHVH$XIIDVVXQJEHUXKW IUHLOLFKDXI HLQLJHQYRUDXVVHW]XQJVUHLFKHQ$QQDKPHQ =XQlFKVW





.DUDYDV  6   'DUDQ NQSIW HLQ DXVVFKOLHVVOLFK DQ )UHLKHLWVUHFKWHQ RULHQWLHUWHU
5HFKWVEHJULII DQ GHU PLW HQWVSUHFKHQG DXVJHGHKQWHQ 6FKXW]EHUHLFKVEHVWLPPXQJHQ JHUDGH































NHQ JHUDGH]X HLQH ©QRUPDWLYH 6FKXENUDIWXPNHKUª HQWIDOWHW 1DFK HLQHU WUHIIHQGHQ %H
VFKUHLEXQJYRQ.HUVWHQHUVFKHLQHQ1DWXUXQGQDWUOLFKH(QWZLFNOXQJGHV0HQVFKHQ LQHLQHU
VROFKHQ'HXWXQJ QXU QRFK DOV ©EORVVH%HVFKUlQNXQJHQPHQVFKOLFKHU (QWIDOWXQJVSRWHQ]LDOH
GLHHV]XEHUZLQGHQJLOWª.HUVWHQ6'LH,QDQVSUXFKQDKPHGHU0HQVFKHQZU




PLQDQ] VXEMHNWLYHU 6HOEVWEHVWLPPXQJV XQG )UHLKHLWVYHUZLUNOLFKXQJVSRVLWLRQHQ JHJHQEHU
REMHNWLYUHFKWOLFKHQ6FKXW]IXQNWLRQHQKLQDXVOlXIW.HUVWHQ6I
0HQVFKHQZUGHDOVREMHNWLYHV9HUIDVVXQJVSULQ]LS
'LH YHUIDVVXQJVUHFKWOLFKHQ*UHQ]HQGLHVHU'\QDPLVLHUXQJVHQWZLFNOXQJ VLQGDQJHVLFKWV LKUHU







 6LHKH HQWVSUHFKHQG LP +LQEOLFN DXI GHQ *HEUDXFK GHU 0HQVFKHQZUGHIRUPHO DOV WUDQVKXPDQLVWLVFKHQ ©6FKULWW
PDFKHUIUGLHVHOEVWEHVWLPPWH6WHLJHUXQJVXEMHNWLYHU)lKLJNHLWHQª.HUVWHQ6I




ZLVVH VXEMHNWLYLHUWH bTXLYDOHQWHZLH HLQ5HFKW DXI /HEHQ IU (PEU\RQHQ HQWJHJHQ]XVWHOOHQ
1RFKZHQLJHUKLOIUHLFKLVWHVDOOHUGLQJVGHULP,QWHUHVVHHLQHVPHGL]LQLVFKHQRGHUJHVHOOVFKDIW
OLFKHQ )RUWVFKULWWV ZHLW DXVJUHLIHQGHQ )RUVFKXQJVIUHLKHLW PLW ©REMHNWLYHQª JHVHOOVFKDIWOLFKHQ
:HUWHQXQG0HQVFKHQELOGHUQGHU$OOJHPHLQKHLW]XEHJHJQHQ9LHOPHKUJLOWHVGLH0HQVFKHQ





SULQ]LSLHOO XQEHJUHQ]WHQ LQGLYLGXHOOHQ 6HOEVWYHUZLUNOLFKXQJPLW WHFKQLVFKHQ0LWWHOQ$XV HLQHU
VROFKHQ IXQNWLRQDOHQ6LFKWHUVFKHLQWGLHELVKHULJHNRQWUlUH$XVHLQDQGHUVHW]XQJYRQYRUUHFKW








JDUDQWLH LQ GHU PRGHUQHQ LQ VR]LDOH 7HLOV\VWHPH IXQNWLRQDO DXVGLIIHUHQ]LHUWHQ *HVHOOVFKDIW
GD]X GLHQW GLH 6WHOOXQJ GHV ,QGLYLGXXPV ]X VLFKHUQ JHJHQEHU GHQ H[SDQVLYHQ 9HUHLQQDK
PXQJHQ GXUFK GLH XQWHUVFKLHGOLFKHQ 7HLOV\VWHPH HWZD GHU 3ROLWLN GHU:LUWVFKDIW RGHU QLFKW
]XOHW]WGHU:LVVHQVFKDIW/DGHXU	$XJVEHUJ6














JHZLVVHQ *UHQ]HQ XQYHUIJEDUHQ:UGH EHUHLWV GLH VR]LDOH 5ROOH DOV 5HFKWVVXEMHNW VHOEVW
VWlQGLJ ZDKUQHKPHQ NDQQ LQ GLHVHP6LQQH /DGHXU 	$XJVEHUJ    ,QVRZHLW LVW
DXFKVFKRQZLH/DGHXUXQG$XJVEHUJWUHIIHQGKHUDXVDUEHLWHQ©GLH6W|UXQJGHU3UR]HVVHVGHU
6HOEVWHU]HXJXQJ YRQ$XWRQRPLH GHV ,QGLYLGXXPV GXUFK GLH ± ZLH DXFK LPPHU EHJUHQ]WH ±





UHLFKV GHU0HQVFKHQZUGHJDUDQWLH IKUW GLH )RUGHUXQJ QDFK HLQHP EHUHLWV DP3UR]HVV GHU
3HUV|QOLFKNHLWVELOGXQJ DQVHW]HQGHQ:UGHVFKXW] VFKOLHVVOLFK ]X HLQHU ]HLWOLFKHQ 9RUYHUODJH







]X XQWHU]LHKHQ ZHQQ VLH QXU DXI ©JHULQJIJLJH =ZHFNHª 5WVFKH  6  DE]LHOW
6RZHLWHVGDEHLDOOHUGLQJVXPGLH(U]HXJXQJXQG1XW]XQJQHXHQ:LVVHQVJHKWZLUGGLH9HU











FHQZLH HLQHJXWH*HVXQGKHLWª DXVULFKWHQPDJ YJO MHGRFK5WVFKH 6 5LVLNR
1XW]HQ%HZHUWXQJHQ ZHUGHQ VLFK DXFK DQ GLHVHU 6WHOOH GDUDQ KDOWHQ PVVHQ GDVV HV LP
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
=XU=XNXQIWGHV9HUERWVGHU.HLPEDKQLQWHUYHQWLRQ
*HPlVV 6SUHFKHU  6  ZUGH HLQH $ENHKU YRP 9HUERW YRQ .HLPEDKQHLQJULIIHQ
QDFK)0HG*XQG6W)*JHJHQ$UW$EV%9XQGGLHIUGLH6FKZHL]Y|ONHUUHFKWOLFKYHU
ELQGOLFKHQ 9HUSIOLFKWXQJHQ GHU %0. YHUVWRVVHQ )U HLQH OLEHUDOHUH*HVHW]JHEXQJ ]X .HLP
EDKQLQWHUYHQWLRQHQZlUHPLWKLQ EHU HLQH bQGHUXQJ GHU %XQGHVYHUIDVVXQJ KLQDXV ]XQlFKVW
HLQH.QGLJXQJGHVY|ONHUUHFKWOLFKHQhEHUHLQNRPPHQVEHU0HQVFKHQUHFKWHXQG%LRPHGL]LQ









0LW5FNVLFKW DXI GLHVH DQ QLFKW WKHUDSHXWLVFKHQ HXJHQLVFKHQ=ZHFNHQ RULHQWLHUWH'HXWXQJ
XQGGHQ:RUWODXWGHV$UW%0.NRPPWQXQPHKUHLQHZHLWHUH$XVOHJXQJVYDULDQWHGHV1RUP
WH[WHV LQ %HWUDFKW QDFK ZHOFKHP HLQH ©,QWHUYHQWLRQ GLH DXI GLH 9HUlQGHUXQJ GHVPHQVFK
OLFKHQ*HQRPVJHULFKWHW LVWªDOOHQIDOOVGDQQYRUJHQRPPHQZHUGHQGDUI©ZHQQVLHQLFKWGD
UDXIDE]LHOWHLQH9HUlQGHUXQJGHV*HQRPVYRQ1DFKNRPPHQKHUEHL]XIKUHQª,P+LQEOLFNDXI
ZHLWHUH$XVQDKPHWDWEHVWlQGH N|QQWH GLHVEH]JOLFK DUJXPHQWLHUW ZHUGHQ GDVV LP 8PNHKU










.HLPEDKQWKHUDSLH VWHWV ]X HLQHU 9HUlQGHUXQJ GHU (UELQIRUPDWLRQHQ HLQHV 0HQVFKHQ IKUH












WLY LQWHUSUHWLHUEDUHV ©$E]LHOHQª UHNXUULHUW ZLUG DOOHUGLQJV DXFK LQ GHU HQJOLVFKVSUDFKLJHQ
$XVOHJXQJ GHV *HQHUDOVHNUHWDULDWV GHV (XURSDUDWHV HQWNUlIWHW 'HU HUOlXWHUQGH %HULFKW ]XU
%0.SUl]LVLHUWKLHUHEHQIDOOV












*HQRPH(GLWLQJVPLW GHQ YRQ$UW  %0. DXVJHQRPPHQHQ XQHUZQVFKWHQ1HEHQHIIHNWHQ
DQGHUHU7KHUDSLHDUWHQJOHLFKEHKDQGHOWZHUGHQVROOWHQ
,QVJHVDPW NDQQ IHVWJHKDOWHQZHUGHQ GDVV$UW %0.GLH.HLPEDKQWKHUDSLH JUXQGVlW]OLFK
YRQGHUVRPDWLVFKHQ*HQWKHUDSLHDEJUHQ]W/HW]WHUHLVWUHJHOPlVVLJXQWHUGHU9RUDXVVHW]XQJ




HLQHU (WKLNNRPPLVVLRQ RGHU HLQHU DQGHUHQ ]XVWlQGLJHQ6WHOOH GDUI ]XGHPPHGL]LQLVFKH )RU










WHUDOV YLHOYHUVSUHFKHQGHUDFKWHWXQGZHFNWQHXH+RIIQXQJHQ LQVEHVRQGHUH IUGLH%HKDQG
 ,Q GHU HQJOLVFKHQ6SUDFKYHUVLRQ LVW GLH5HGH YRQ ©DLPª VLHKH$UW &RQYHQWLRQ IRU WKH 3URWHFWLRQ RI +XPDQ
5LJKWVDQG'LJQLW\RIWKH+XPDQ%HLQJZLWKUHJDUGWRWKH$SSOLFDWLRQRI%LRORJ\DQG0HGLFLQH
6LHKHGD]XDXFK,QIRER[6HLWHGHVYRUOLHJHQGHQ%HULFKWHV
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
OXQJYRQ0RUEXV$O]KHLPHU'LDEHWHV7\S,RGHUDQGHUHQ$XWRLPPXQHUNUDQNXQJHQ&R[HWDO
(UVWH9HU|IIHQWOLFKXQJHQ ]X&5,635&DV ]HLJHQ GDVV VLFK GLHVH7HFKQLN QRFK LP















YHUELQGOLFKHU UHFKWOLFKHU5DKPHQ YRUJHJHEHQ'HPEHVRQGHUHQ:HUW GHU )RUVFKXQJVIUHLKHLW
XQG LKUHU%HGHXWXQJ IU*HVXQGKHLW XQG*HVHOOVFKDIWZLUG GDEHL GHU6FKXW] GHU0HQVFKHQ
ZUGHJHJHQEHUJHVWHOOW%HVRQGHUVSUHNlUHUVFKHLQWLQGLHVHP6SDQQXQJVIHOGDEHUGHUXQNOD
UH6WDWXVGHVPHQVFKOLFKHQ(PEU\RVQLFKW]XOHW]WDXFKGLH)UDJHGHU5HLFKZHLWHGHV9HUERWV
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 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]HXJHQG QDFKGHPGLH HEHQVR EHZHJOLFKHQ6WDWXV XQG*UHQ]IUDJHQ ]ZLVFKHQ)UHLKHLW XQG
:UGHVFKXW] UHIOHNWLHUW ZRUGHQ VLQG 'LHVH )UDJHQ VLQG HEHQVR ZLH .RVWHQ1XW]HQ$EZl















5LVLNHQ HLQHU 6FKlGLJXQJ ]XNQIWLJHU0HQVFKHQ ZHLWHVWJHKHQG EHUVWHLJW VLHKH GD]X HWZD
.HUVWHQ6I'LHIUGLH6FKZHL]YHUELQGOLFKH%LRPHGL]LQNRQYHQWLRQVFKUHLEW]ZDU
LQ$UWHEHQIDOOVJHQHUHOOYRUGDVVJH]LHOWH9HUlQGHUXQJHQGHVPHQVFKOLFKHQ*HQRPVXQ
]XOlVVLJ VHLHQ VLHKH HWZD 6SUHFKHU  6  II 'HQQRFK LVW QLFKW DXVJHVFKORVVHQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
 3IODQ]HQXQG7LHU]FKWXQJ
)U GHQ $QZHQGXQJVEHUHLFK 3IODQ]HQ 7LHUH 0LNURELRORJLH XQG %LRWHFKQRORJLH PXVV DXV
UHFKWOLFKHU3HUVSHNWLYH LQHUVWHU/LQLHGHUELVODQJNRQWURYHUVJHIKUWHQ'LVNXVVLRQ5HFKQXQJ
JHWUDJHQ ZHUGHQ RE JHQRPHGLWLHUWH 2UJDQLVPHQ EHUKDXSW JHQWHFKQLVFK YHUlQGHUWH 2UJD
QLVPHQ*92LPUHFKWOLFKHQ6LQQHGDUVWHOOHQ,QGLHVHP=XVDPPHQKDQJVWHOOWVLFKEHLVSLHOV
ZHLVHDXFKGLH)UDJHREGDVVFKZHL]HULVFKH0RUDWRULXPZHOFKHVQDFK$UWD*HQWHFKQLN



















FKXQJ 'DV VFKZHL]HULVFKH*HQWHFKQLNUHFKW LVW ZHGHU DQ GHQ:RUWODXW GHU HQWVSUHFKHQGHQ
(85LFKWOLQLHQXQG1RUPHQJHEXQGHQQRFKEHVWHKWHLQHUHFKWOLFKH9HUELQGOLFKNHLWZHOFKHGLH
6FKZHL]]XU$QSDVVXQJDQGLH5HFKWVSUHFKXQJHXURSlLVFKHU*HULFKWHYHUSIOLFKWHQZUGH(LQ
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 
HLQHUDEZHLFKHQGHQ5HJXOLHUXQJGHV*HQWHFKQLNUHFKWVDXI+LQGHUQLVVHVWRVVHQ:HLWHUH:L






































$QODVV GHU 6WHOOXQJQDKPH GHV *HQHUDODQZDOWV 0LFKDHO %REHN XQG GHU VSlWHUHQ (X*+
(QWVFKHLGXQJZDU HLQ 9RUDEHQWVFKHLGXQJVYHUIDKUHQ LQ GHP GHU IUDQ]|VLVFKH&RQVHLO G¶eWDW









DQWUlJHQ ]X HLQHU DXI GHQ HUVWHQ%OLFN GLIIHUHQ]LHUHQGHQ$XIIDVVXQJ(LQ GXUFK0XWDJHQHVH
HU]HXJWHU2UJDQLVPXVN|QQWHGHP]XIROJHGXUFKDXVHLQ*92VHLQZHQQGLH9RUDXVVHW]XQJHQ
QDFK$UW1UGHU*925LFKWOLQLHHUIOOWVHLHQ1LFKW]ZLQJHQGHUIRUGHUOLFKVHLGDIUHLQH







GHQ 0LWJOLHGVWDDWHQ KLHU XQEHQRPPHQ GHQ GXUFK GLH 0XWDJHQHVH$XVQDKPH XQDXVJHIOOW




ZHUGHQ VROOWHQ GLH HLQH JH]LHOWH JHQWHFKQLVFKH 9HUlQGHUXQJ YRQ2UJDQLVPHQ KHUEHLIKUHQ
:HQQQXUGDVJOHLFKH(UJHEQLVDXFKPLW©QDWUOLFKHQª0HWKRGHQHUUHLFKEDULVWN|QQWHQVRPLW
DXFK EHVWLPPWH9HUIDKUHQ GHV*HQRPH(GLWLQJV YRQ GHQ5HJXOLHUXQJHQ GHU*925LFKWOLQLH
XQG GHV VFKZHL]HULVFKHQ*7*DXVJHQRPPHQ VHLQ(QWVFKHLGHQGZlUH GHP]XIROJHZRKOJH

















GHV*HQRPH(GLWLQJV LPPHU QXU YRUOlXILJ EHVWLPPEDU LVW (LQH ]XNXQIWVIlKLJH DQSDVVXQJV
IlKLJH5HFKWVJHVWDOWXQJPXVV GHPJHJHQEHU GLH JHQDQQWHQ9HUIDKUHQ XQG ,QVWLWXWLRQHQ ]XU











ZLH GLH LP$XVJDQJVYHUIDKUHQ LQ5HGH VWHKHQGHQ KHUYRUJHUXIHQZHUGHQ GHUHQ$QZHQGXQJ
GHU(U]HXJXQJKHUEL]LGUHVLVWHQWHU3IODQ]HQVRUWHQGLHQHQVROODPJHQHWLVFKHQ0DWHULDOHLQHV
2UJDQLVPXVYRUJHQRPPHQH9HUlQGHUXQJHQLP6LQQHYRQ$UW1UGHU5LFKWOLQLHGDUVWHOOHQª
(X*+5]  ,PhEULJHQVWW]WH VLFKGDV*HULFKW DXI GLH$QJDEHQGHU9RUODJHHQW
VFKHLGXQJZHOFKH VLFK DXI GHQ(LQVDW] FKHPLVFKHU XQG SK\VLNDOLVFKHU0XWDJHQH VRZLH DXI
GHQ(LQVDW]YRQ*HQWHFKQLNEH]RJHQ'HPQDFKKDQGHOHHVVLFKXP9HUlQGHUXQJHQDPJHQH















PLW GHQ LQ$QKDQJ , % DXIJHIKUWHQ9HUIDKUHQ LQVEHVRQGHUH GHU0XWDJHQHVH KHUEHLJHIKUW
ZHUGH (X*+  5] ± VR VHLHQ EHL GHU$XVOHJXQJ GHU$XVQDKPHYRUVFKULIW GRFK
©DXFK LKU=XVDPPHQKDQJXQGGLH=LHOH]XEHUFNVLFKWLJHQGLHPLWGHU5HJHOXQJ]XGHUVLH
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
JHK|UWYHUIROJWZHUGHQª(X*+5]'DEHLVHLGHP(UZlJXQJVJUXQGGHU5LFKW
OLQLH  ]X HQWQHKPHQ GDVV GLHVH QLFKW IU VROFKH2UJDQLVPHQ JHOWHQ VROOWH ©GLHPLW
7HFKQLNHQ]XUJHQHWLVFKHQ9HUlQGHUXQJJHZRQQHQZHUGHQGLHKHUN|PPOLFKEHLHLQHU5HLKH
YRQ$QZHQGXQJHQDQJHZDQGWZXUGHQXQG VHLW ODQJHPDOV VLFKHU JHOWHQª (X*+ 5]
1HXHUH9HUIDKUHQGHU©JH]LHOWHQ0XWDJHQHVHªKLQJHJHQ]XGHQHQGLHQHXHQ=FKWXQJV
WHFKQRORJLHQGHV*HQRPH(GLWLQJVJHUHFKQHWZHUGHQNRQQWHQGHPQDFKQLFKWRKQH:HLWHUHV


















DXI GLH (UZlJXQJVJUQGH  XQG  ZHLVW HU ]XGHP DXI GHQ 9RUVRUJHJUXQGVDW] XQG GLH
1RWZHQGLJNHLW KLQ GLH (QWZLFNOXQJ XQG $QZHQGXQJ YRQ *92 HLQJHKHQG ]X EHUZDFKHQ
(X*+5]VRZLHI)ROJOLFKN|QQH$UW$EVGHU5LFKWOLQLHL9P1U
 LKUHV$QKDQJV , % QLFKWZLH YRP*HQHUDODQZDOW GDKLQ DXVJHOHJWZHUGHQ GDVV HUPLW GHQ
JHQDQQWHQ QHXHQ 9HUIDKUHQ0HWKRGHQ GHU 0XWDJHQHVH JHZRQQHQH 2UJDQLVPHQ YRQ LKUHP
$QZHQGXQJVEHUHLFK DXVVFKOLHVVH (X*+  5]  'D HLQH VROFKH$XVOHJXQJ GHU LP
VLHE]HKQWHQ(UZlJXQJVJUXQGGHU5LFKWOLQLH]XP$XVGUXFNNRPPHQGHQ$EVLFKWGHV8QLRQVJH
VHW]JHEHUV ]XZLGHUODXIHQ ZUGH QXU GLHMHQLJHQ2UJDQLVPHQ YRQ LKUHP$QZHQGXQJVEHUHLFK
DXV]XQHKPHQZHOFKH©PLWKHUN|PPOLFKEHLHLQHU5HLKHYRQ$QZHQGXQJHQDQJHZDQGWHQXQG
VHLW ODQJHP DOV VLFKHU JHOWHQGHQ 9HUIDKUHQ0HWKRGHQ JHZRQQHQ ZHUGHQª EHDQWZRUWHWH GHU
(X*+GLH)UDJHGHU5HLFKZHLWHGHU0XWDJHQHVH$XVQDKPHVFKOLHVVOLFKZLHIROJW
©$UW$EVGHU5LFKWOLQLHLVWLQ9HUELQGXQJPLW1ULKUHV$QKDQJV,%XQG
LP /LFKW LKUHV  (UZlJXQJVJUXQGHV GDKLQ DXV]XOHJHQ GDVV QXU GLH PLW 9HUIDK
UHQ0HWKRGHQ GHU 0XWDJHQHVH GLH KHUN|PPOLFK EHL HLQHU 5HLKH YRQ$QZHQGXQJHQ
DQJHZDQGWZXUGHQXQGVHLW ODQJHPDOVVLFKHUJHOWHQJHZRQQHQHQ2UJDQLVPHQYRP
$QZHQGXQJVEHUHLFKGHU5LFKWOLQLHDXVJHVFKORVVHQVLQGª(X*+5]
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 
,QHQWVSUHFKHQGHU:HLVHZDUGDQDFKDXFKGLH$QWZRUWDXIGLH]ZHLWH9RUODJHIUDJHQDFKGHP
$QZHQGXQJVEHUHLFK GHU5LFKWOLQLH EHU HLQHQJHPHLQVDPHQ6RUWHQNDWDORJ IU ODQG
ZLUWVFKDIWOLFKH3IODQ]HQDUWHQKLQVLFKWOLFKGHVLQ$UW$EVGHU5LFKWOLQLHQLHGHUJHOHJWHQ5H
JXOLHUXQJYRQJHQHWLVFKYHUlQGHUWHQ6RUWHQ]XIRUPXOLHUHQ'LHVH9RUVFKULIWVHLHEHQIDOOVGDKLQ
DXV]XOHJHQ GDVV YRQ GHQ LQ GLHVHU %HVWLPPXQJ YRUJHVHKHQHQ 9HUSIOLFKWXQJHQ QXU GLHPLW
9HUIDKUHQ0HWKRGHQ GHU 0XWDJHQHVH GLH KHUN|PPOLFK EHL HLQHU 5HLKH YRQ $QZHQGXQJHQ
DQJHZDQGWZXUGHQXQGVHLW/DQJHPDOVVLFKHUJHOWHQJHZRQQHQHQ6RUWHQDXVJHQRPPHQVLQG
(X*+5]  II LQVE5]'LH LP:HJHGHUJH]LHOWHQ0XWDJHQHVHHQWZLFNHOWHQ
RGHUQRFK]XHQWZLFNHOQGHQ6RUWHQGUIWHQIROJOLFKZHLWHUKLQJHPlVV$UW$EVGHU5LFKWOLQLH







DXIJHKREHQHQ UHFKWOLFKHQ8QWHUVFKHLGXQJ ]ZLVFKHQ0XWDJHQHVH XQG7UDQVJHQHVH EHL6HLW]
6'DYRQEHHLQIOXVVWLVWDXFKGLH)HVWVWHOOXQJGDVVGLHGXUFKJH]LHOWH0XWDJHQH
VH KHUYRUJHUXIHQH JHQWHFKQLVFKH9HUlQGHUXQJDXI QDWUOLFKH:HLVHQLFKWP|JOLFK VHL'HQQ
YRUDXVJHVHW]WLVWKLHUEHLGDVVGDV9HUIDKUHQGHUJH]LHOWHQ0XWDJHQHVHVHOEVWVFKRQGLH1LFKW
1DWUOLFKNHLW LQGL]LHUW (LQH HYHQWXHOOH %H]XJQDKPH DXI GLH LPPHUKLQ GHQNEDUH 0|JOLFKNHLW
GDVV GLH JOHLFKHQ 0XWDWLRQHQ LP /DXIH HLQHU QDWUOLFKHQ (QWZLFNOXQJ HLQWUHWHQ N|QQWHQ LVW











HUZHLWHUWH $QZHQGXQJ DXI JHQRPHGLWLHUWH 2UJDQLVPHQ OHKQWH GDV *HULFKW PLW GHU %HJUQGXQJ DE GDVV GHU
HXURSlLVFKH*HVHW]JHEHUGLH$XVQDKPHDXVGUFNOLFKQXUIUVROFKH2UJDQLVPHQJHVFKDIIHQKDEH©GLHPLWKHUN|PP
OLFK EHL HLQHU 5HLKH YRQ $QZHQGXQJHQ DQJHZDQGWHQ XQG VHLW ODQJHP DOV VLFKHU JHOWHQGHQ 9HUIDKUHQ0HWKRGHQ
JHZRQQHQZHUGHQª (X*+5]PLW+LQZHLVDXIGHQHQWVSUHFKHQGHQ(UZlJXQJVJUXQGGHU5LFKWOLQLH
$XFKZHQQGDPLWlOWHUH7HFKQRORJLHQJHJHQEHUQHXHUHQ(QWZLFNOXQJHQ±ZLHHWZDJH]LHOWH9HUIDKUHQGHV*HQRPH
(GLWLQJV ± LP(UJHEQLV EHYRU]XJWZHUGHQ VR LVW GDULQ QRFK NHLQH MXULVWLVFKH%HZHUWXQJ GHU MHZHLOLJHQ WHFKQLVFKHQ
5LVLNHQ]XVHKHQ'DVJHVHW]JHEHULVFKH9HUWUDXHQDXIGDV©ZDVVHLWODQJHPDOVVLFKHUJLOWªEULQJWLQVRZHLWYRUDOOHP
JHVHOOVFKDIWOLFKH:HUWXQJHQ]XP$XVGUXFNZHOFKHVLFKQRUPDWLYDQ©%HZlKUWHPªRULHQWLHUHQ
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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ










)UGLH6FKZHL] LVW GHU JHQDQQWH(QWVFKHLGPLW VHLQHQ(UZlJXQJHQYRQJURVVHP ,QWHUHVVH
ZHLO GLH HQWVSUHFKHQGHQ %HVWLPPXQJHQ GHV *HQWHFKQLNJHVHW]HV *7* HLQVFKOLHVVOLFK GHU
/HJDOGHILQLWLRQYRQ©*92ªDXIGLHIUKHUHQ(85LFKWOLQLHQ(:*XQG(:*]X




VLQGZLUG VLFK DXFK KLHU]XODQGH ]XQlFKVW DQ GLH YRP(X*+ QXQPHKU NODUJHVWHOOWH VWUHQJH
$XVOHJXQJKDOWHQPVVHQ=ZDULVWGDVVFKZHL]HULVFKH5HFKWXQPLWWHOEDUZHGHUDQGLHHXUR
SlLVFKH*HVHW]JHEXQJQRFKDQGLH5HFKWVSUHFKXQJGHV(X*+JHEXQGHQVRQGHUQXQWHUOLHJW









'HQQ GLH .ULWLN ULFKWHW VLFK ]X HLQHP EHUZLHJHQGHQ 7HLO JHQHUHOO JHJHQ HLQH YHUPHLQWOLFKH
©,QQRYDWLRQVIHLQGOLFKNHLWª GHV *HQWHFKQLNUHFKWV GLH DEHU ZHQLJHU HLQH .RQVHTXHQ] GHU
ULFKWHUOLFKHQ$XVOHJXQJ LPNRQNUHWHQ)DOO DOV YLHOPHKUGHUJHVHW]OLFKHQ%HVFKUlQNXQJHQGHU
JHOWHQGHQ*925LFKWOLQLHGDUVWHOOHQNDQQ(VZlUHVFKOHFKWKLQQLFKWQDFKYROO]LHKEDUXQGPLW
GHP :RUWODXW GHU 5LFKWOLQLH XQYHUHLQEDU JHZHVHQ GLH JHVHW]OLFKH 'HILQLWLRQ GHU JHQWHFKQL
VFKHQ 9HUlQGHUXQJ LP :HJH GHU ULFKWHUOLFKHQ 5HFKWVIRUWELOGXQJ GHUJHVWDOW ]X PRGLIL]LHUHQ
GDVVGLHGXUFK*HQRPH(GLWLQJKHUJHVWHOOWHQ2UJDQLVPHQQLFKWPHKUDOVJHQWHFKQLVFKYHUlQ
GHUW JHOWHQ PVVWHQ %HVWDQG LQVRZHLW VFKRQ (LQLJNHLW LQ GHU 6WHOOXQJQDKPH GHV *HQHUDO
DQZDOWVVRZLHLQGHQ(UZlJXQJHQGHV*HULFKWVVRNRQQWHGHU(X*+PLWJXWHQ*UQGHQDXFK
GHUZHLWHUHQ$QVLFKWHQWJHJHQWUHWHQGDVVJHQRPHGLWLHUWH2UJDQLVPHQGHUVRJHQDQQWHQ0XWD
 9JO HWZD GLH 3UHVVHPLWWHLOXQJ GHV GHXWVFKHQ 9HUEDQGHV GHU &KHPLVFKHQ ,QGXVWULH H9  ©5FNZlUWV
JHZDQGWXQGLQQRYDWLRQVIHLQGOLFKª










,P (UJHEQLV IROJW DXV GHP ]XWUHIIHQG HQWZLFNHOWHQ$XVOHJXQJVHUJHEQLV GHV (X*+ GDVV IU












WHUKLQ QRFK =XODVVXQJVP|JOLFKNHLWHQ IU JHQHGLWLHUWH 2UJDQLVPHQ QDFK GHQ IU *92 HQWZL
FNHOWHQ0DVVVWlEHQRIIHQOlVVW'DPLWNRQQWH LPPHUKLQHLQHYRUEHUJHKHQGH1LFKWUHJXOLHUXQJ
YRQ JHQHGLWLHUWHQ 2UJDQLVPHQ YHUPLHGHQ ZHUGHQ ZLH VLH LP )DOOH GHU YRP *HQHUDODQZDOW
EHLP (X*+ YRUJHVFKODJHQHQ =XRUGQXQJ ]XU 0XWDJHQHVH$XVQDKPH HLQJHWUHWHQ ZlUH $Q
GHUHUVHLWV NDQQ PLW 5FNVLFKW DXI NQIWLJH 1HXHUXQJHQ LQVEHVRQGHUH DXI GHQ )HOGHUQ GHU
V\QWKHWLVFKHQ%LRORJLHYRQHLQHPIRUWEHVWHKHQGHQ%HGDUIQDFKHLQHPGLIIHUHQ]LHUWHQ5HJXOLH
UXQJVUDKPHQ DXVJHJDQJHQZHUGHQ 6HLW]  6  9RQ EHVRQGHUHU SUDNWLVFKHU5HOH
YDQ]ZlUHLQGLHVHP=XVDPPHQKDQJVFKOLHVVOLFKDXFKGLHUHFKWVWKHRUHWLVFKH)UDJHQDFKGHU
P|JOLFKHQ %HZHJOLFKNHLW GHU MXULVWLVFKHQ$XVOHJXQJ LP =XVDPPHQKDQJPLW GHU$QZHQGXQJ















XQG DQGHUHUVHLWV IU *92 DXVQDKPVORV YHUODQJHQ GDVV GLHVH ©HLQJHKHQG EHUZDFKW ZHU




IDKUHQ XQG3UR]HGXUHQ GLH HLQH IRUWODXIHQGH$QSDVVXQJ DQ GLH YHUlQGHUOLFKHQ(UIDKUXQJHQ












(LQ$QVDW] GDIU N|QQWH HWZD DXV GHU JHULQJHUHQ EHJULIIOLFKHQ %LQGXQJ DQ GLH HXURSlLVFKH
*925LFKWOLQLH]XJHZLQQHQVHLQZLHVLHVFKRQDXVGHQDEZHLFKHQGHQVFKZHL]HUL
VFKHQ%HVWLPPXQJHQ LQ$UW$EV OLWG L9P$QKDQJ$EV OLWD)U69XQG$UW OLWG
L9P$QKDQJ$EV OLWD(69HUVLFKWOLFKZLUG'LHGRUWDEZHLFKHQGYRQGHU(85LFKWOLQLH





WHFKQLNPRUDWRULXP JHPlVV$UW D *7* XQG GHQ JHQHUHOO ]X EHREDFKWHQGHQ JHVHOOVFKDIW
OLFKHQ0HLQXQJVWUHQG LQSROLWLVFKHU+LQVLFKWHKHU ]XHLQHP UHVWULNWLYHUHQ8PJDQJPLWQHXHQ
=FKWXQJVWHFKQRORJLHQ WHQGLHUW(LQH/LEHUDOLVLHUXQJGHV5HFKWVUDKPHQV IUGHQ(LQVDW]YRQ
9HUIDKUHQXQG0HWKRGHQGHV*HQRPH(GLWLQJVZUGHGDKHUYRUDXVVLFKWOLFKEHUHLWV LQQHUKDOE
GHU 6FKZHL]HU %HY|ONHUXQJ DXI $N]HSWDQ]SUREOHPH VWRVVHQ 'LHVHU *HVLFKWVSXQNW LVW QLFKW














JHSUlJWH %HWHLOLJXQJ GHV 6WLPPYRONHV DXFK DQ VSH]LILVFKHQ *HVHW]JHEXQJVIUDJHQ ± HLQHU
HQWVSUHFKHQGHQGHPRNUDWLVFKHQ%HWHLOLJXQJDOOHU*HVHOOVFKDIWVWHLOHVRZLHHLQHUXPIDVVHQGHQ
7UDQVSDUHQ] LP 8PJDQJ PLW GHQ QHXHQ 7HFKQRORJLHQ XQJHDFKWHW ZHLWHUHU )ROJHSUREOHPH




























OLFKHQ *92 XQG JHQHGLWLHUWHQ 2UJDQLVPHQ PLW HQWVSUHFKHQG GLIIHUHQ]LHUWHQ $QIRUGHUXQJHQ
WULIIW'HP*HQWHFKQLNEHJULIIZlUHQGDQQQHEHQHLQDQGHU]ZHLJHWUHQQWH.DWHJRULHQQDPHQWOLFK
YRQJHQWHFKQLVFKHU©9HUlQGHUXQJªXQGJHQWHFKQLVFKHU©(GLWLHUXQJªXQWHUJHRUGQHW6WW]HQ
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ

OLHVVH VLFK GLHVH 8QWHUVFKHLGXQJ HWZD DXI GHQ LP VFKZHL]HULVFKHQ *HQWHFKQLNUHFKW EHUHLWV
YRU]XILQGHQGHQLP:HJHHLQHU5HFKWVILNWLRQDQJHRUGQHWHQ$XVVFKOXVVHLQLJHU=FKWXQJVWHFK
QRORJLHQDXVGHP*HQWHFKQLNEHJULII'HPQDFKOlJHVFKRQHLQHHQWVSUHFKHQGH*HVHW]HVlQGH
UXQJ QDKH ZHOFKH QDFK GHP 9RUELOG GHU ELVKHULJHQ 0XWDJHQHVH$XVQDKPH QXQPHKU DXFK
EHVWLPPWH 0HWKRGHQ XQG 9HUIDKUHQ GHU *HQRPHGLWLHUXQJ LP 6LQQH HLQHU ©JH]LHOWHQ 0XWD
JHQHVHª DXV GHP *92%HJULII DXVVFKOLHVVW XQG JHVRQGHUW QRUPLHUW $XFK ZHLWHU JHKHQGH
5HYLVLRQHQGHV*HQWHFKQLNUHFKWV N|QQWHQ IUHLOLFKDXI GLHVHU8QWHUVFKHLGXQJDXIEDXHQGHLQH
VSH]LILVFKH5HJHOXQJYRQJHQRPHGLWLHUWHQ2UJDQLVPHQPLWHQWVSUHFKHQGYHUHLQIDFKWHQ=XODV





VHOWHQ NODU ]ZLVFKHQ ©*HQWHFKQLNª XQG ©JHQWHFKQLVFKHU 9HUlQGHUXQJª XQWHUVFKLHGHQ ZLUG
GUIWHVFKOLHVVOLFKDXFKHLQ]XVlW]OLFKHUUHFKWOLFKHU%HJULIIYRQ©*HQHGLWLHUXQJªGDYRQNDXP]X
WUHQQHQVHLQ


















GXQJHQ QLFKW PHKU DXVVFKOLHVVOLFK QDFK0DVVJDEH ZLVVHQVFKDIWOLFKHU (UNHQQWQLV ]X WUHIIHQ
VRQGHUQEHLGHU(QWVFKHLGXQJVILQGXQJ]XVlW]OLFK5FNVLFKW ]XQHKPHQDXI DQGHUZHLWLJHJH
VHOOVFKDIWOLFKH PLWXQWHU DXFK WUDGLWLRQHOOH 9RUVWHOOXQJHQ YRQ 5LVLNHQ XQG *HIDKUHQ 1XU DXI
GLHVH:HLVH±GXUFK3UR]HGXUDOLVLHUXQJYRQ5LVLNRHQWVFKHLGXQJHQLP:HJHSDUWL]LSDWLYHU9HU
IDKUHQ ± ODVVHQ VLFK GLH QHXHQ WHFKQRORJLVFKHQ+HUDXVIRUGHUXQJHQ DGlTXDW EHKDQGHOQ XQG
LQVEHVRQGHUHGDV9HUWUDXHQGHU.RQVXPHQWLQQHQXQG.RQVXPHQWHQDXIHLQHVLFKHUH/HEHQV
PLWWHOSURGXNWLRQ VWDELOLVLHUHQ ,Q GLHVHP =XVDPPHQKDQJ ZLUG ZHLWHUHQ0DVVQDKPHQ GHU ,Q
IRUPDWLRQXQG$XINOlUXQJHLQHQWVSUHFKHQGHUK|KWHU6WHOOHQZHUW]XNRPPHQ
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5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 
(LQHVROFKH)RUPGHUgIIQXQJYRQ5LVLNRHQWVFKHLGXQJHQEHUQHXH7HFKQRORJLHQILQGHWLKUHQ
WLHIHUHQ *UXQG GDULQ GDVV GLH:LVVHQVFKDIWHQ DQJHVLFKWV XQVLFKHUHU 7HFKQLN XQG 5HJXOLH
UXQJVIROJHQ VRZLH GHUHQ:HFKVHOZLUNXQJHQ VHOEVW QLFKWPHKU LPVWDQGH VLQGPLW 5LVLNRSUR
JQRVHQIUDXVUHLFKHQGH*HZLVVKHLW]XVRUJHQ(VEHGDUIGDKHUJHVHW]JHEHULVFKHUXQGUHFKW
OLFKHU (QWVFKHLGXQJVPHFKDQLVPHQ ZHOFKH YHUEHVVHUWH 0|JOLFKNHLWHQ GHU G\QDPLVFKHQ
$QSDVVXQJXQG)OH[LELOLVLHUXQJIUGLHXQVLFKHUHQ.RQIOLNWODJHQQHXHU7HFKQRORJLHQELHWHQ'LH













SDVVXQJVYHUVXFK YRU DOOHP LQ$QEHWUDFKW GHU QHXHQ JHQWHFKQLVFKHQ9HUIDKUHQ VR LVW GDULQ








VLFK GLH EHDEVLFKWLJWH ©,QQRYDWLRQV|IIQXQJª SUDNWLVFK PLW GHQ UHVWULNWLYHQ 9RUJDEHQ GHU (8






















ZHOFKHPDXFKQLFKWPHQVFKOLFKH/HEHZHVHQ LQ LKUHU N|USHUOLFKHQ XQGJHQHWLVFKHQ ,QWHJULWlW







VSUHFKHQGHQ &KDQFHQ IU GHQ 7LHU XQG 8PZHOWVFKXW] PVVWHQ GDQQ DEHU MHGHQIDOOV QRFK
NODUHUEHVWLPPWZHUGHQXQGPLWGHQGD]XJHK|ULJHQ5LVLNRDQDO\VHQ LQGLH8PZHOWYHUWUlJOLFK
NHLWVSUIXQJHLQJHEUDFKWZHUGHQ
6ROOHQ HWZD1XW]WLHUH ]XP*HJHQVWDQG YRQ9HUIDKUHQRGHU0HWKRGHQGHV*HQRPH(GLWLQJV
JHPDFKW ZHUGHQ VR YHUEOHLEHQ QDFK GHU]HLWLJHU 5HFKWV XQG 9HUIDVVXQJVODJH MHGHQIDOOV IU
:LUEHOWLHUHOHGLJOLFK(LQVDW]P|JOLFKNHLWHQLP%HUHLFKGHU)RUVFKXQJ$UW*7*,PhEULJHQ
JLOW GDV JHQHUHOOH YHUIDVVXQJVUHFKWOLFKH *HERW LQ$UW $EV  %9 ZHOFKHV EHU GHQ IU
3IODQ]HQXQG7LHUHJHOWHQGHQ6FKXW]GHU:UGHGHU.UHDWXUKLQDXVJHKHQGHLQHHLJHQVWlQGLJH
%HUFNVLFKWLJXQJGHU6LFKHUKHLWYRQ7LHUXQG8PZHOWYRUVLHKW'HPZHUGHQGLHHLQIDFKJHVHW]




QRFK ZHLWHUH$QZHQGXQJVP|JOLFKNHLWHQ GHV *HQRPH (GLWLQJV LP /DQGZLUWVFKDIWV XQG 8P
ZHOWVHNWRUQDPHQWOLFKDXIGLH3RWHQ]LDOHGHU)RUVFKXQJDQ*HQH'ULYHVDXV'LHDOV©PXWDJH











© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
5HFKWOLFKHU.RQWH[WXQG5HJXOLHUXQJYRQ*HQRPH(GLWLQJ 
1DFK JHOWHQGHP VFKZHL]HULVFKHQ XQG HXURSlLVFKHQ5HFKWZHUGHQ$QZHQGXQJHQ YRQ*HQH
'ULYHV GDKHU HWZD LP 9HUJOHLFK ]X GHQ ]XYRU EHWUDFKWHWHQ *HQRPH (GLWLQJ$QZHQGXQJHQ
HLQHXPVR UHVWULNWLYHUH%HKDQGOXQJHUIDKUHQ1RUPDWLY EHJUHQ]HQGZLUNHQ LQ GLHVHU+LQVLFKW
QLFKW DOOHLQH GLH EHL VlPWOLFKHQ ODQGZLUWVFKDIWOLFKHQ (LQVDW]P|JOLFKNHLWHQ JHQHUHOO ]X EHDFK
WHQGHQ $QIRUGHUXQJHQ GHU ELRORJLVFKHQ 6LFKHUKHLW LQVEHVRQGHUH GHV *HVXQGKHLWVVFKXW]HV
XQGGHU1DKUXQJVPLWWHOVLFKHUKHLW+LQ]XNRPPWYLHOPHKUGHUHEHQIDOOV LQ$UW $EV%9
YHUDQNHUWH6FKXW]GHUJHQHWLVFKHQ9LHOIDOWGHU7LHUXQG3IODQ]HQDUWHQ0LWGHPGDPLWLQV=HQW
UXPJHVWHOOWHQ%LRGLYHUVLWlWVVFKXW]ZHUGHQEHVRQGHUV LQWHQVLYH LQGHU5HJHO LUUHYHUVLEOH(LQ
JULIIH LQ GHQ QDWUOLFKHQ(QWZLFNOXQJVJDQJ LQ GHQ%OLFN JHQRPPHQ GLH QLFKW DQ WHUULWRULDOHQ
*UHQ]HQKDOWPDFKHQXQGVLFK LQVEHVRQGHUHDXIGLH/HEHQVEHGLQJXQJHQGHU]XNQIWLJHQ*H
QHUDWLRQHQ DXVZLUNHQ8QWHU GLHVHP%OLFNZLQNHO HUVFKHLQW MHGHQIDOOV GLH GLUHNWH %HNlPSIXQJ


























3URWRNROO XQG GHP DP  0lU]  LQ .UDIW JHWUHWHQHQ =XVDW]SURWRNROO YRQ 1DJR\D.XDOD
/XPSXU HUIDVVW GLHVH 3UREOHPDWLN LQVRIHUQ DOV VLH 5HJHOXQJHQ ]XU JUHQ]EHUVFKUHLWHQGHQ
9HUEULQJXQJYRQJHQYHUlQGHUWHQ2UJDQLVPHQVRZLH]XU9HUPHLGXQJYRQQDFKWHLOLJHQ$XVZLU
NXQJHQGXUFKGHUHQ)UHLVHW]XQJWULIIW0LWGHPQXQPHKUJHOWHQGHQ=XVDW]SURWRNROOYRQ1DJR














JHVWDWWHWHQ 2UJDQLVPHQ DOV ©OHEHQGH YHUlQGHUWH 2UJDQLVPHQª YRP &DUWDJHQD3URWRNROO
EHJULIIOLFKHUIDVVWZHUGHQ'LHVHUJLEWVLFKQLFKWDOOHLQHDXVHLQHP(UVWUHFKW6FKOXVVGHUDXI
JUXQG GHU MQJVWHQ HXURSlLVFKHQ %HVWLPPXQJ GHV*92%HJULIIV HLQH HQWVSUHFKHQGH$XVOH
JXQJQDKHOHJWVRQGHUQYRUDOOHPDXVGHU7DWVDFKHGDVV*HQH'ULYHVHLQHWHFKQLVFKHU]HXJWH
5HNRPELQDWLRQ GHV JHQHWLVFKHQ 0DWHULDOV PLW VLFK WUDJHQ ZHOFKH JHUDGH DEZHLFKHQG YRP










=ZHFN GHU DEVLFKWOLFKHQ (LQEULQJXQJ LQ GLH 8PZHOW GHU HLQIKUHQGHQ 9HUWUDJVSDUWHL HUIROJW








PHQ XQG 6WUDWHJLHQ YRU XP5LVLNHQ GLHPLW GHU 9HUZHQGXQJ+DQGKDEXQJ XQG JUHQ]EHU
VFKUHLWHQGHQ 9HUEULQJXQJ YRQ OHEHQGHQ YHUlQGHUWHQ 2UJDQLVPHQ ]XVDPPHQKlQJHQ ]X UH
JHOQ]XEHZlOWLJHQXQG]XNRQWUROOLHUHQ.RPPWHV]XHLQHU)UHLVHW]XQJXQGXQDEVLFKWOLFKHQ
JUHQ]EHUVFKUHLWHQGHQ9HUEULQJXQJYRQOHEHQGHQYHUlQGHUWHQ2UJDQLVPHQRGHUNDQQHVGD]X




]XU)ROJH VR WULIIW GLH MHZHLOLJH9HUWUDJVSDUWHL JHPlVV$UW GHV&DUWDJHQD3URWRNROOV HLQH
%HQDFKULFKWLJXQJVSIOLFKWVREDOGVLHGDYRQ.HQQWQLVHUODQJW1HEHQGHQEHWURIIHQHQRGHUP|J
OLFKHUZHLVHEHWURIIHQHQ6WDDWHQ$UW=LIILVWGDQQDXFKGLH,QIRUPDWLRQVVWHOOHIUELRORJL












EHWUHIIHQGHQ OHEHQGHQ 2UJDQLVPXV DXI HLJHQH .RVWHQ HQWZHGHU ]XUFN]XQHKPHQ RGHU ]X










OHEHQGH YHUlQGHUWH 2UJDQLVPHQ YHUXUVDFKW ZHUGHQ GLH LKUHQ 8UVSUXQJ LQ HLQHU JUHQ]EHU
VFKUHLWHQGHQ9HUEULQJXQJKDEHQ $UW  I -HGRFKN|QQHQGLH9HUWUDJVSDUWHLHQGXUFK LQQHU
VWDDWOLFKHV 5HFKW QHEHQ +DIWXQJVREHUJUHQ]HQ $UW  DXFK +DIWXQJVDXVVFKOVVH YRUVHKHQ
HWZD IU 1DWXUHUHLJQLVVH K|KHUH *HZDOW .ULHJVKDQGOXQJHQ EUJHUNULHJVlKQOLFKH 8QUXKHQ
$UW $EV  (LQH QRFK ZHLWHU JHKHQGH5HJHOXQJVP|JOLFKNHLW YRQ +DIWXQJVDXVVFKOVVHQ
HU|IIQHWGLHLQ$UW$EVGHV=XVDW]SURWRNROOVJHQHUDONODXVHODUWLJIRUPXOLHUWH(UPlFKWLJXQJ





RKQHKLQ GLH JHQHUHOOH )UDJH RE GLH JHVWHLJHUWHQ5LVLNHQ LP %HUHLFK*HQH'ULYH EHUKDXSW
DOOHLQH GXUFK UHSUHVVLY DXVJHULFKWHWH +DIWXQJVPRGHOOH DXVUHLFKHQG HUIDVVW ZHUGHQ :HLWHUH
)UDJHQ HUJHEHQ VLFK PLW 5FNVLFKW DXI GHQ 8PVWDQG GDVV EHUHLWV GXUFK GDV &DUWDJHQD
3URWRNROOHLQLJH$XVQDKPHQ IU+XPDQDU]QHLPLWWHO $UWXQG$QZHQGXQJHQ LQJHVFKORVVH










GXUFK GLH QDWLRQDOHQ 9RUVFKULIWHQ LQVEHVRQGHUH GHV *7* PLW )U69 XQG (69 VRZLH GHU




OXQJHQ ZHUGHQ VLFK LQVEHVRQGHUH GHU MQJVWHQ HXURSlLVFKHQ 5HFKWVHQWZLFNOXQJ LQ GLHVHP
%HUHLFKZHLWJHKHQGDQJOHLFKHQPVVHQ(LQQDWLRQDOHU6RQGHUZHJ LP6LQQHHLQHVIUHL]JLJH
UHQ8PJDQJVPLW*HQH'ULYHHPSILHKOWVLFKVFKRQDOOHLQHGHVKDOEQLFKWZHLOHLQHJUHQ]EHU
VFKUHLWHQGH 9HUEULQJXQJ GHU HQWVSUHFKHQG YHUlQGHUWHQ 2UJDQLVPHQ LP HXURSlLVFKHQ 5DXP
UHVWULNWLY JHKDQGKDEWZHUGHQZLUG )ROJHQGH*HVLFKWVSXQNWH XQG.ULWHULHQZHUGHQGDKHU EHL
HLQHU]XNQIWLJHQ5HJXOLHUXQJLP%HUHLFK*HQH'ULYHLQ%HWUDFKW]XQHKPHQVHLQ
Ǧ 9HUSIOLFKWXQJHQ]XSUlYHQWLYHU5LVLNREHZHUWXQJXQG WUDQVSDUHQWHU ,QIRUPDWLRQ LQVEH
VRQGHUH]XP$XVPDVVGHU'XDO8VH*HIDKUHQ
Ǧ (LQIKUXQJYRQ5HJLVWULHUXQJVSIOLFKWHQ LQGHU*HQH'ULYH)RUVFKXQJ JHJHEHQHQIDOOV
PLWQlKHUHQ%HVWLPPXQJHQ]XU/DERUVLFKHUKHLW
Ǧ 'LIIHUHQ]LHUXQJ QDFK GHU MHZHLOLJHQ +|KH GHU (LQVDW]VFKZHOOHPLW 5FNVLFKW DXI GLH
EHVRQGHUHQ5LVLNHQ YRQ©ORZ WKUHVKROG JHQHGULYHVª $%%XFKPDQ ,Y\0DUVKDOO
$NEDUL	+D\/HIWZLFKHWDO
Ǧ .RQNUHWLVLHUXQJ GHU 5FNIKUXQJVYHUSIOLFKWXQJ QDFK DOOIlOOLJHU )UHLVHW]XQJ JHJHEH
QHQIDOOV LQ 9HUELQGXQJ PLW HQWVSUHFKHQGHU SUlYHQWLYHU )RUVFKXQJ ]X 9HUIDKUHQ GHU
5FNKROEDUNHLW]%©GDLV\FKDLQGULYHVªVLHKHHWZD1REOHHWDO
Ǧ 5HJHOXQJHLQHU.DXVDOKDIWXQJ IU EHVRQGHUHPLWXQWHU QLFKW DEVFKlW]EDUH'XDO8VH
5LVLNHQ
Ǧ ,QQRYDWLRQVRIIHQH 5HJXOLHUXQJ YRQ %HZLOOLJXQJVYHUIDKUHQ LP (LQ]HOIDOO QDFK SUlYHQ
WLYHU5LVLNRHYDOXDWLRQDQJHPHVVHQHQ9RUVRUJHPDVVQDKPHQXQG WUDQVSDUHQWHU ,QIRU
PDWLRQ.RQNUHWLVLHUXQJHQWVSUHFKHQG$UW*7*VRZLHDXIJUXQGDXVUHLFKHQGHUJH










GHU 6FKXW]DXVVFKOXVVJUQGH DXV YJO$UW D E  3DWHQWJHVHW] 3DW* VRZLH$UW  (XUR
SlLVFKHV3DWHQWEHUHLQNRPPHQ(3hPLW5HJHOQII$2(3h$UW$EV3DW*YHUELHWHW
EHLVSLHOVZHLVHGLH3DWHQWLHUXQJYRQ3IODQ]HQVRUWHQXQG7LHUUDVVHQVRZLHLP:HVHQWOLFKHQELROR








WHVWHQV VHLW GHP8UWHLO GHV(XURSlLVFKHQ*HULFKWVKRIV YRP IHUQOLHJHQ 6RPLW LVW
JUXQGVlW]OLFKYRQHLQHUJHQHUHOOHQ3DWHQWLHUEDUNHLWYRQ9HUIDKUHQXQG0HWKRGHQGHV*HQRPH
(GLWLQJVDXV]XJHKHQ9RQHLQHP9HUVWRVVJHJHQGHQ2UGUHSXEOLF9RUEHKDOW LQ$UW$EV
3DW* ZlUH DOOHQIDOOV GDQQ DXV]XJHKHQ ZHQQ GLH HQWVSUHFKHQGHQ 9HUIDKUHQ XQG0HWKRGHQ











(QWJHJHQ KlXILJ ZLHGHUKROWHQ UHFKWVSROLWLVFKHQ )RUGHUXQJHQ 6FKZHL]HULVFKHU %XQGHVUDW
 6  I VLQG LQVRZHLW DXFK3IODQ]HQVRUWHQ VRZLH7LHUUDVVHQ YRQ GHU 3DWHQWLHUEDUNHLW






YRQ 3IODQ]HQVRUWHQ XQG7LHUUDVVHQ VRZHLW GLH (UILQGXQJ MHGHQIDOOV LKUH JHQHWLVFKH (LJHQDUW
 9JOGLHZHLWJHKHQGHQWVSUHFKHQGHQ6FKXW]DXVVFKOXVVJUQGHLQ5HJHO$2(3h










DOV (LQKHLW DQJHVHKHQ ZHUGHQ NDQQ 'HU VR GHILQLHUWH 6FKXW]JHJHQVWDQG JHQLHVVW 6RUWHQ
VFKXW]JHPlVV$UWE6RUW*ZHQQHUQHXXQWHUVFKHLGEDUKRPRJHQXQGEHVWlQGLJLVW,QGLH
VHU +LQVLFKW N|QQHQ DXFK GLH (U]HXJQLVVH QHXHU =FKWXQJVWHFKQRORJLHQ LQVEHVRQGHUH JH
QRPHGLWLHUWH3IODQ]HQVRUWHQSULQ]LSLHOOVFKXW]IlKLJVHLQ
'LH,QKDEHUYRQ6RUWHQVFKXW]UHFKWHQKDEHQJHPlVV$UW$EV6RUW*GDVDXVVFKOLHVVOLFKH
























9JO HWZD GLH6WHOOXQJQDKPHGHV%XQGHVYHUEDQGHV'HXWVFKHU3IODQ]HQ]FKWHU H9 1HXIDVVXQJ 
XQWHUGHP7LWHO©/DQGZLUWVFKDIWEHQ|WLJW)RUWVFKULWW1XW]XQJQHXHU=FKWXQJVPHWKRGHQPXVVP|JOLFKVHLQª





KLQDXV HUVFKHLQW HLQH VRUWHQVFKXW]UHFKWOLFKH =XRUGQXQJ JHQRPHGLWLHUWHU 3IODQ]HQ DXFK DOV
]ZHFNPlVVLJ 'DV 6RUWHQUHFKW JHZlKUW LQVJHVDPW JU|VVHUH )UHLKHLWHQ LP 8PJDQJ PLW JH
VFKW]WHQ6RUWHQXQGWUlJWJHQHUHOO]XHLQHUJHVHOOVFKDIWOLFKQXW]EULQJHQGHQ:HLWHUHQWZLFNOXQJ
XQG9HUYLHOIlOWLJXQJGHUJHQHWLVFKHQ5HVVRXUFHQYRQ1XW]SIODQ]HQEHL
'HPJHJHQEHU VW|VVW HLQ DXVJHGHKQWHU 6FKXW] YRQ %LRSDWHQWHQPLWXQWHU DXI /HJLWLPDWLRQV
SUREOHPHZLHVLHQLFKW]XOHW]WDQJHVLFKWVODQJZLHULJHU3DWHQWUHFKWVVWUHLWLJNHLWHQXP&5,635
&DV HUNHQQEDU ZHUGHQ /HGIRUG  'DEHL ]HLJW VLFK GDVV GLH (QWZLFNOXQJ GHV 3DWHQW
UHFKWVVFKXW]HVWHQGHQ]LHOOEHUHLWVLQ5LFKWXQJHLQHU9LHOIDOWJHVRQGHUWHU LQGHU6FKXW]ZLUNXQJ
EHJUHQ]WHUXQGGDPLWQHEHQHLQDQGHUEHVWHKHQGHU$XVVFKOLHVVOLFKNHLWVUHFKWHZHLVW'LH*HIDKU
HLQHU EHUPlVVLJHQ0RQRSROLVLHUXQJ LP %HUHLFK GHU 9HUIDKUHQ XQG0HWKRGHQ GHV *HQRPH
(GLWLQJVLVWGDKHUEHUHLWVDOVJHULQJHLQ]XVFKlW]HQ(LQEHVRQGHUHU5HJXOLHUXQJVEHGDUILVWDXI
GLHVHP*HELHWDOOHQIDOOVGDQQHUVLFKWOLFKZHQQGHUJHVHW]JHEHULVFKH:LOOHXPJHNHKUWGDUDXI
]LHOW QHXH $QUHL]H ]X ,QQRYDWLRQHQ VSH]LHOO LP %HUHLFK GHU 3IODQ]HQ]FKWXQJ ]X VFKDIIHQ






NHLWHQ HU|IIQHW ,Q GLHVHU +LQVLFKW ZlUH DOOHUGLQJV JHUDGH PLW 5FNVLFKW DXI GHQ GXUFK GHQ
(X*+YHUDQODVVWHQUHVWULNWLYHQ8PJDQJPLWJHQRPHGLWLHUWHQ6RUWHQGDUDXI]XDFKWHQGDVV
GHUQDWLRQDOH6RUWHQNDWDORJVLHKH6RUWHQYHURUGQXQJGHU6FKZHL]NQIWLJPLWGHPJHPHLQVD
PHQ(86RUWHQNDWDORJ VLHKH5LFKWOLQLH (* XQG GHQ HQWVSUHFKHQGHQ HXURSlLVFKHQ
=XODVVXQJVYRUDXVVHW]XQJHQZHLWHUKLQNRQIRUPJHKW






LP GHPRNUDWLVFKHQ :LOOHQVELOGXQJVSUR]HVV LQQRYDWLRQVRIIHQHU EHKDQGHOW ZHUGHQ VROOWHQ DOV
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 $QDO\VHGHVHWKLVFKHQ'LVNXUVHV
Dominik Harrer, Lukas Kaelin und Michael Fuchs 
*HQRPH(GLWLQJ9HUIDKUHQXQG LQVEHVRQGHUH&5,635&DVVLQG]ZHLIHOORVDXFK LQHWKLVFKHU
%HWUDFKWXQJ ZLFKWLJH 9HUIDKUHQ 6LH ZHUGHQ GLH WKHUDSHXWLVFKHQ &KDQFHQ GHU VRPDWLVFKHQ
*HQWKHUDSLHVHKUZDKUVFKHLQOLFKYHUEHVVHUQXQGVLHDXIHLQHJU|VVHUH=DKOHUEOLFKHUXQGDQ





GDU VLHKH.DSLWHO(V LVWHUVW VHLWZHQLJHQ-DKUHQHQWZLFNHOWXQGKDWVLFKVFKRQEHUGLH
/DERUHGHU:HOW YHUEUHLWHW$OOHUGLQJV LVW HLQHQXQGDPLW GXUFKIKUEDUHGLUHNWH.RUUHNWXUGHV
*HQRPVVFKRQLPPHUVHLWZLUEHU*HQWHFKQLNVSUHFKHQGDVHLJHQWOLFKJHZQVFKWH9HUIDK
UHQJHZHVHQIUGDVYRUDQJHJDQJHQH7HFKQLNHQQXUGHIL]LWlUH(UVlW]HZDU'LH9LVLRQHQGHU















ZHUGHQ ZHQQ GHQ GXUFK (XJHQLN XQG QDWLRQDOVR]LDOLVWLVFKH 5DVVHQK\JLHQH JHQlKUWHQ %H
VRUJQLVVHQGDVJHQHWLVFKH:LVVHQN|QQWHEHLP0HQVFKHQLQ]FKWHULVFKHU$EVLFKWDQJHZDQGW
ZHUGHQ VLHKH ,QIRER[  ]XU (XJHQLN DXI 6HLWH  GXUFK HLQH 'LIIHUHQ]LHUXQJ ]ZLVFKHQ
OHJLWLPHQXQGLOOHJLWLPHQ(LQJULIIHQ5HFKQXQJJHWUDJHQZXUGH+LHU]XZXUGHQ]ZHL8QWHUVFKHL
GXQJHQ HQWZLFNHOW YRQ GHQHQ PDQ ZLFKWLJH 2ULHQWLHUXQJHQ EHL GHU QRUPDWLYHQ %HXUWHLOXQJ
HUZDUWHWH 'LHV LVW ]XP HLQHQ GLH 8QWHUVFKHLGXQJ ]ZLVFKHQ (LQJULIIHQ LQ GLH .HLPEDKQ XQG
VRPDWLVFKHQ,QWHUYHQWLRQHQVRZLH]XPDQGHUHQGLH'LIIHUHQ]LHUXQJ]ZLVFKHQ.UDQNKHLWVWKHUD
SLHXQG9HUEHVVHUXQJ(QKDQFHPHQWVLHKH$EE




























NDQQ :HQQ GLH EOLFKHQ ZLVVHQVFKDIWOLFKHQ XQG HWKLVFKHQ 6WDQGDUGV EH]JOLFK 5LVLNRDE
VFKlW]XQJP|JOLFKHU$OWHUQDWLYHQXQG9HUKlOWQLVPlVVLJNHLWEHIROJWZHUGHQYHUIROJWGHUWKHUD
SHXWLVFKH VRPDWLVFKH (LQJULII HLQ KRFKUDQJLJHV =LHO PLW ]XOlVVLJHQ 0LWWHOQ 'DEHL JLQJ PDQ
DXFKGDYRQDXVGDVVVRPDWLVFKH*HQWKHUDSLHLQHWKLVFKHU+LQVLFKWDOVHLQH(UZHLWHUXQJGHV
YRUKDQGHQHQ WKHUDSHXWLVFKHQ 6SHNWUXPV DQJHVHKHQ ZHUGHQ PXVV )OHWFKHU  6 
2IILFHRI7HFKQRORJ\$VVHVVPHQW 6  /H5R\:DOWHUV	3DOPHU 6 'LHV
VFKOLHVVW QLFKW DXV GDVV ZHJHQ GHU .RPSOH[LWlW GHU +HUDXVIRUGHUXQJ EHVRQGHUH HWKLVFKH




JHVSURFKHQ'HQQEHL GHQQXQ LQ GHQ+RUL]RQW GHV0|JOLFKHQ UFNHQGHQ(LQJULIIHQ JHKW HV
OHW]WHQGOLFKXP)UDJHQGHVPHQVFKOLFKHQ6HOEVWYHUVWlQGQLVVHVXQGGLHDQJHPHVVHQHQ*UHQ
]HQ IUGLHELRORJLVFKH9HUlQGHUXQJGHV0HQVFKHQ=XGHPKDEHQVLFK LQQHUKDOENXU]HU=HLW
YHUVFKLHGHQH LQWHUGLV]LSOLQlUH*UXSSHQXQG*UHPLHQ ]X:RUW JHPHOGHW XQG6WHOOXQJQDKPHQ
YRUJHOHJW=XPHLQHQZDUHQGLHVQDWLRQDOH(WKLNUlWH]XPDQGHUHQ%HUXIVXQG)DFKYHUElQGH
VRZLH$UEHLWVJUXSSHQYHUVFKLHGHQHU$NDGHPLHQGHU:LVVHQVFKDIWHQ
'HU:HUW MHGHU GLHVHU 6WHOOXQJQDKPHQ OLHJW HLQHUVHLWV LQ GHU 6\QWKHVH XQG ZHFKVHOVHLWLJHQ
3UIXQJ GHU UHOHYDQWHQ %HJULIIH XQG$UJXPHQWH VRZLH LQ GHU 'DUVWHOOXQJ GHU 9HUIDKUHQ XQG








0DVVH GHQ 6WDQG GHVZLVVHQVFKDIWOLFKHQ )RUWVFKULWWHV XQG HV OlVVW VLFK DQ LKQHQ HLQH VLFK












GHU5ROOHYRQ0RUDWRULHQDOV UHJXODWRULVFKH ,QVWUXPHQWH ,P3URMHNWDQJHERWZDUHQZLUGDYRQ




















%UDQGHQEXUJLVFKH $NDGHPLH GHU :LVVHQVFKDIWHQ %%$:  GLH GHXWVFKH :LVVHQ
VFKDIWVDNDGHPLH /HRSROGLQD HLQVFKOLHVVOLFK GHU'HXWVFKHQ)RUVFKXQJVJHPHLQVFKDIW GHU
DFDWHFK ±'HXWVFKH$NDGHPLH GHU7HFKQLNZLVVHQVFKDIWHQ XQG GHU8QLRQ GHU GHXWVFKHQ
$NDGHPLHQ GHU:LVVHQVFKDIWHQ ZREHL GLH /HRSROGLQD IHGHUIKUHQGZDU 1DWLRQDOH$ND




© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
  *HQRPH(GLWLQJ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(WKLFV LQ 6FLHQFH DQG 1HZ 7HFKQRORJLHV (*(  XQG GLH EULWLVFKDPHULNDQLVFKH
+LQ[WRQ*URXS+LQ[WRQ
x 3ULYDWH JHPHLQQW]LJH 2UJDQLVDWLRQHQ GHU EULWLVFKH 1XIILHOG &RXQFLO RQ %LRHWKLFV
1XIILHOG &RXQFLO RQ %LRHWKLFV   XQG GLH 86DPHULNDQLVFKHQ 1DWLRQDO $FD
GHPLHVRI6FLHQFHV(QJLQHHULQJDQG0HGLFLQH1$6(0




















IUDJHQ GLH $XWRULQQHQ XQG $XWRUHQ LQ HLQHP $UWLNHO ]X GHQ QHXHQ *HQWHFKQLNYHUIDKUHQ HWZD GLH ZHLWYHUEUHLWHWH
$XIIDVVXQJGDVVVLFKGLHQHXHQJHQRPYHUlQGHUQGHQ7HFKQRORJLHQ LP9HUJOHLFK]XGHQELVKHULJHQDOVYLHOSUl]LVHU
HUZHLVHQZUGHQ'LH0HWDSKHUGHV©(GLWLHUHQVªHU]HXJHGLH9RUVWHOOXQJGDVVHVVLFKEHL*HQRPH(GLWLQJXPHLQH
























x DQ ZHLWHUH 6WDNHKROGHU ZLH 3DWLHQWLQQHQ XQG 3DWLHQWHQYHUWUHWXQJHQ 51$$6 ($6$&
1$6(01XIILHOG&RXQFLO
x DQGLH*HVHOOVFKDIWDOV*DQ]HV/HRSROGLQD1(.($6$&1$6(01XIILHOG&RXQFLO




'LH NU]HUHQ 7H[WH UDQJLHUHQ ]ZLVFKHQ NQDSSHQ %HULFKWHQ EHU GHQ 6DFKVWDQG 1(. 
HGXNDWLYHQ ,QIRUPDWLRQVEURVFKUHQ $&0*  XQG$GKRF6WHOOXQJQDKPHQ GLH DXFK NRQ
NUHWHUH(PSIHKOXQJHQHQWKDOWHQ '(5E(*(6RZLOOGDV$&0*0HGL]LQHULQQHQ




















%UDQGHQEXUJLVFKH$NDGHPLH GHU :LVVHQVFKDIWHQ %%$:  HLQH 3UREOHPVNL]]H LQ GHU
%HJULIIHZLH©*HQRPFKLUXUJLHªXQG©.HLPEDKQLQWHUYHQWLRQªHUOlXWHUW VRZLH$QZHQGXQJVSHU




VWHKW VLFK DEHU HKHU DOV$QDO\VH LQ GHU ]ZDU )UDJHQ DXIJHZRUIHQ DEHU QRFK NHLQH NODUHQ
+DQGOXQJVHPSIHKOXQJHQ JHJHEHQ ZHUGHQ 'HPJHJHQEHU HUDUEHLWHW GLH +LQ[WRQ *URXS
EHUHLWVHLQHQGHWDLOOLHUWHQ©)DKUSODQªZHLOGDYRQDXVJHJDQJHQZLUGGDVV*HQRPH
(GLWLQJ IU UHSURGXNWLRQVPHGL]LQLVFKH$QZHQGXQJHQ ]ZDU DNWXHOO QLFKW ]XUHLFKHQG HQWZLFNHOW
VHLGLHVVLFKDEHUQRFKlQGHUQP|JHGDUDXIVROOHPDQYRUEHUHLWHWVHLQ$XFKGLH/HRSROGLQD
EHULFKWHWLQGHUHUVWHQ6WHOOXQJQDKPHYRQ]XQlFKVWGDUEHUZHOFKHXQYHUIlQJOLFKHQRGHU
EHGHQNOLFKHQ$QZHQGXQJHQ GHV*HQRPH(GLWLQJV H[LVWLHUHQ VLH JLEW VLFK GDEHL DXINOlUHQG
DSSHOOLHUHQGVRZLHNULWLVFK,QGHU]ZHLWHQ6WHOOXQJQDKPHDXVGHP-DKUHEHIUZRUWHQGLH
$XWRULQQHQ XQG$XWRUHQ GDQQ HLQH*HVHW]HVlQGHUXQJ XQG HLQH HUQHXWH |IIHQWOLFKH'HEDWWH

















YRUQHKPOLFKPLW GHU%HVFKUHLEXQJGHU WHFKQLVFKHQ(QWZLFNOXQJHQ XQGGHUHQP|JOLFKHQ)RO
























'HU ]ZHLWH %HULFKW 1XIILHOG &RXQFLO RQ %LRHWKLFV  LVW GHU DNWXHOOVWH GLHVHU 3KDVH
%HULFKWH =XHUVWZLUG HLQH%HVFKUHLEXQJGHU ©/DQGVFKDIWª ©ODQGVFDSHª JHJHEHQ GDV KHLVVW
GHVJHJHQZlUWLJHQ6WDQGVGHU)RUVFKXQJXQGGHUGDPLW ]XVDPPHQKlQJHQGHQ0|JOLFKNHLWHQ






ZHUGHQ VROOHQ:RKOHUJHKHQHLQHUVHLWV XQG VR]LDOH*HUHFKWLJNHLW E]Z6ROLGDULWlW DQGHUHUVHLWV
'LH.RQNOXVLRQHQGLHVHV.DSLWHOVZHUGHQ LQGDV YLHUWH.DSLWHO ©*RYHUQDQFHª DXIJHQRPPHQ
+LHU ZLUG YHUVXFKW GLH )UDJH ]X EHDQWZRUWHQ ZLH GLH 3ULQ]LSLHQ GLH MHZHLOLJH$QZHQGXQJ GHU
QHXHQ7HFKQRORJLHDQOHLWHQN|QQHQ$P(QGHGHV%HULFKWHVZHUGHQGLHHUDUEHLWHWHQ6FKOXVVIRO
JHUXQJHQXQG(PSIHKOXQJHQQRFKHLQPDO]XVDPPHQJHIDVVW,QWHUHVVDQWDQGHU$UEHLWGHV1XI
ILHOG &RXQFLO LVW GDV $UJXPHQW GHU ©7ULDJHª )U GLH ZHLWHU JHKHQGH 'LVNXVVLRQ ZHUGHQ GLH













GLH VLFK LQ GHQ 6WHOOXQJQDKPHQ LP %HVRQGHUHQ XQG GHU HWKLVFKHQ 'HEDWWH LP$OOJHPHLQHQ
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
HWDEOLHUW KDEHQ 8QWHUVFKHLGXQJHQ ZLH MHQH ]ZLVFKHQ *UXQGODJHQ XQG WUDQVODWLRQDOHU )RU










$QZHQGXQJHQXQG LKUH ]HLWOLFKH%HJUHQ]XQJ LVW YHUVFKLHGHQ1HEHQGHU)UDJHZHOFKH)RU






RGHU LP JHVDPWHQPHQVFKOLFKHQ2UJDQLVPXVPLW ELVKHU QRFK QLFKW HUUHLFKWHU 7UHIIVLFKHUKHLW
XQG3Ul]LVLRQJH]LHOWXQGGDXHUKDIW]XYHUlQGHUQ'D]XJHK|UHQ0HWKRGHQGLHZLVVHQVFKDIW
OLFKDOV½JHQHHGLWLQJ¾EH]HLFKQHWZHUGHQª%%$:61DFKGHPVLFKGDV*HQRPDQ
HLQHU JHQDX EHVWLPPEDUHQ 6WHOOH JH]LHOW EHDUEHLWHQ OlVVW OLHJW GHQ$XWRULQQHQ XQG$XWRUHQ
]XIROJH ©GLH $QDORJLH ]XU UHGDNWLRQHOOHQ .RUUHNWXU HLQHV 7H[WHV YRU VHLQHU 'UXFNOHJXQJª
GXUFKDXVQDKHHEG6
$XFK GLH1DWLRQDO$FDGHPLHV EHYRU]XJHQ GHQ LKUHU$QVLFKW QDFK DNNXUDWHUHQ%HJULII*HQR
PH(GLWLQJ'LHVHUVHLJHJHQEHUGHP*HQH(GLWLQJDXFKGHVKDOE]XWUHIIHQGHUZHLOGDPLWGLH












EDKQHLQJULIIHQª ©JHUP OLQH JHQRPH HGLWLQJª 1XIILHOG &RXQFLO RQ %LRHWKLFV  6  (V
ZLUG ]XGHP GLH 8QWHUVFKHLGXQJ ]ZLVFKHQ (GLWLQJ XQG (QJLQHHULQJ GLVNXWLHUW 'LH 0HWDSKHU























DXI GHQGDPLW YHUEXQGHQHQ%HJULIIHQXQG9HUIDKUHQ .HLPEDKQ]HOOH.HLPEDKQYHUlQGHUXQJ
EHVRQGHUHV$XJHQPHUN6RVHLHQHWZDunbeabsichtigteYRQbeabsichtigten.HLPEDKQYHUlQ
GHUXQJHQ]XXQWHUVFKHLGHQ%%$:6









6 'DEHLZLUG ]ZLVFKHQ GUHL .DWHJRULHQPHQVFKOLFKHU(PEU\RQHQ IU GLH*HQRPH(GLWLQJ














WR FRPH WR FRQVHQVXV RQ WKRVH WKDWZH EHOLHYH DUH XQUHVROYDEOH RXWVLGH RI SDUWLFXODU FXOWXUDO
FRQWH[WVª+LQ[WRQ*URXS6'LHVHU9HUZHLVDXIGLH8QHQWVFKHLGEDUNHLWJHZLVVHUHWKL
VFKHU$VSHNWHDXVVHUKDOEYRQEHVWLPPWHQNXOWXUHOOHQ.RQWH[WHQZLUIW VHLQHUVHLWVHLQLJHK|FKVW




=HLWVSDQQHDQ LQQHUKDOEGHUHU LQWDNWHPHQVFKOLFKH(PEU\RQHQ in vitroNXOWLYLHUWZHUGHQGUIHQ
YJOHEG6)Q'LHHWKLVFKHZLVVHQVFKDIWOLFKHXQGUHJXODWRULVFKH$UEHLWGLH]XWXQVHL
ULFKWHWVLFKMHGHQIDOOVDXIGLHIROJHQGHQ$QZHQGXQJVIlOOHGLHHV]X LGHQWLIL]LHUHQXQGJHQDX]X


























FLHQW OHYHO RI OHJDO DQG PRUDO FHUWDLQW\ª 1XIILHOG &RXQFLO RQ %LRHWKLFV  6  'LH
JHQDXH8QWHUVFKHLGXQJ]ZLVFKHQ.HLPEDKQXQGVRPDWLVFKHQ=HOOHQVHLLQ%H]XJDXIGLHDQ
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$QDO\VHGHVHWKLVFKHQ'LVNXUVHV 
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$XI GHU ]ZHLWHQ |IIHQWOLFK EHREDFKWEDUHQ(EHQHZLUG YHUVXFKW HKHU YRQ&KDUDNWHULVWLND DOV
YRQ (LJHQVFKDIWHQ RGHU %HVRQGHUKHLWHQ ]X VSUHFKHQ ©FKDUDFWHULVWLFVª DQVWDWW ©WUDLWVª RGHU
©IHDWXUHVªHEG6:RHVXPGHQ6WDWXVGHU9HUN|USHUXQJ©HPERGLPHQWªJHKWZLUGYRQ











9HUDQWZRUWOLFKNHLW HLQKHUJHKHQ 'LHVHV QHXDUWLJH :DKUVFKHLQOLFKNHLWV:LVVHQ DXIVHLWHQ GHU





OHNWLYH 7HFKQLNHQ LP =XVDPPHQKDQJ PLW 3UlLPSODQWDWLRQVGLDJQRVWLN XQG 3UlQDWDOGLDJQRVWLN
HEG6 IHWSDVVLPYJO]XU&KDUDNWHULVWLNDHEG6 IXQG]XP*HVFKOHFKWHEG







7HFKQRORJLH XQWHUVFKHLGHQ GLH$XWRULQQHQ XQG$XWRUHQ GHU +LQ[WRQ *URXS ]ZLVFKHQ*UXQG
ODJHQIRUVFKXQJ VRPDWLVFKHU *HQWKHUDSLH XQG NOLQLVFKHQ .HLPEDKQHLQJULIIHQ ]X UHSURGXN
WLRQVPHGL]LQLVFKHQ=ZHFNHQ/HW]WHUHVFKOLHVVHQQLFKWQXUGLH9HUlQGHUXQJGHUPHQVFKOLFKHQ
.HLPEDKQHLQ QDFKGHPGLH%HIUXFKWXQJ VWDWWJHIXQGHQKDW VRQGHUQDXFKGDV(GLWLHUHQ YRQ






$XFK GLH 1DWLRQDO$FDGHPLHV VSUHFKHQ YRQ GLHVHQ GUHL$QZHQGXQJVIHOGHUQ GDV KHLVVW /D











RGHU *HZHEH PRGLIL]LHUW ZHUGHQ .HLP]HOOHQ RGHU .HLP]HOOHQYRUOlXIHU RGHU EHIUXFKWHWH
(L]HOOHQ




x 6FKOLHVVOLFKZHOFKHU$UWGLH MHZHLOLJH9HUlQGHUXQJ LVWGDVKHLVVWHQWZHGHUHKHUHLQIDFKH












WKHUDSLH GLH IU GLH QRUPDWLYH %HZHUWXQJ YRQ HQWVFKHLGHQGHU %HGHXWXQJ LVW %H]JOLFK GHU
5HIOH[LRQDXIGLHYHUZHQGHWHQ%HJULIIHLVWGLH$UWXQG:HLVHZLHGLHVHXQVHUH%HWUDFKWXQJGHU
:LUNOLFKNHLW SUlJHQ ± XQG GDPLW DXFK EHVWLPPWH+DQGOXQJVRSWLRQHQ QDKHOHJHQ ± ]X XQWHU
VWUHLFKHQ













D WRRO WR DGGUHVV IXQGDPHQWDO TXHVWLRQV RI KXPDQ DQG QRQKXPDQ DQLPDO ELRORJ\ª
+LQ[WRQ*URXS6














©+RZHYHU RQH JHQHUDO SUREOHP SHUFHLYHG ZKHQ UHYLHZLQJ FRXQWU\ SROLFLHV WRZDUGV
JHQRPHUHODWHG WHFKQRORJLHV >«@ LV WKH YDJXHQHVV HQFRXQWHUHG LQ EDVLF GHILQLWLRQV
DQGLQGLVWLQJXLVKLQJEHWZHHQFOLQLFDODQGUHVHDUFKDSSOLFDWLRQV)RUH[DPSOHLQVRPH
FRXQWULHVWKHUHLVFRQVLGHUDEOHXQFHUWDLQW\DERXWZKHWKHUH[LVWLQJEDQVRQJHQHWLFHQ
JLQHHULQJ LQ HPEU\RV DQG RWKHU JHUPOLQH FHOOV IRU FOLQLFDO SXUSRVHV DOVR HQFRPSDVV
SURKLELWLRQ WR FRQGXFWEDVLF UHVHDUFK >«@ª HEG6D YJODXFKHEG6DXQG
E
$XFK GHU 1XIILHOG &RXQFLO JHKW DXI GLH .ULWLN DQ GHU 8QWHUVFKHLGXQJ ]ZLVFKHQ *UXQGODJHQ
IRUVFKXQJ XQG DQJHZDQGWHU )RUVFKXQJ HLQ6R YHUZHLVH GLHVH8QWHUVFKHLGXQJ HLQLJHQ:LV
VHQVFKDIWOHULQQHQ XQG:LVVHQVFKDIWOHU ]XIROJH DXI HLQ EHVWLPPWHV HPSLULVFK QLFKW KDOWEDUHV
9HUKlOWQLV]ZLVFKHQ:LVVHQVSURGXNWLRQXQGWHFKQRORJLVFKHU,QQRYDWLRQ'LH3UD[LVGHU*UXQG
ODJHQIRUVFKXQJ VHL QlPOLFK LPPHU VFKRQPLW GHQP|JOLFKHQ ]XNQIWLJHQ$QZHQGXQJHQ YHU
VFKUlQNW'LHVH0HLQXQJVFKHLQWPLWGHUKRKHQ*HVFKZLQGLJNHLWEHOHJWZHUGHQ]XN|QQHQPLW
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ






HLQHUVHLWV GLH *UXQGODJHQIRUVFKXQJ JUXQGVlW]OLFK IU OHJLWLP ]X KDOWHQ DQGHUHUVHLWV MHGRFK
$QZHQGXQJHQ UHVWULNWLY KDQG]XKDEHQ 0LW GHQ 6WHOOXQJQDKPHQ GHU (*( XQG GHV 1XIILHOG





'LH +LQ[WRQ *URXS JLEW LQ LKUHU 6WHOOXQJQDKPH HLQH GLVNXVVLRQVZUGLJH *HVFKLFKWH GHV )RUW
VFKULWWVZLHGHUPLWGHP6FKULWWYRQ,QHIIL]LHQ]XQG0DQJHODQ6SH]LILWlWKLQ]X(IIL]LHQ]XQG6SH
]LILWlWGHUQHXHQJHQWHFKQRORJLVFKHQ:HUN]HXJH,P=XJHGHVVHQZHUGHQYRUDOOHPGLH%HJULIIH




©3DVVJHQDXLJNHLW G K GLH (LQSDVVXQJ GHU 9HUlQGHUXQJ LQ GDV'1$'RSSHOVWUDQJ
PROHNODPJHZQVFKWHQ2UW7UHIIVLFKHUKHLWGKGDV*HOLQJHQYRQLQWHQGLHUWHQ9HU
lQGHUXQJHQ LQ DGUHVVLHUWHQ =LHO]HOOHQ VRZLH 6SH]LILWlW G K GHU $XVVFKOXVV YRQ
*HQlQGHUXQJHQ DQ DQGHUHQ DOV GHQ EHDEVLFKWLJWHQ2UWHQ >«@:LFKWLJ LVW DXFK GLH


















VHUQGHQ =ZHFNHQ (QKDQFHPHQW QLFKW NODU JH]RJHQ ZHUGHQ NDQQ (*(  6  8QG
DXFK GLH QLHGHUOlQGLVFKH:LVVHQVFKDIWVDNDGHPLH XQWHUVFKHLGHW KLQVLFKWOLFK GHU VRPDWLVFKHQ
*HQWKHUDSLH HEHQIDOOV ]ZLVFKHQ 7KHUDSLH 3UlYHQWLRQ XQG 9HUEHVVHUXQJ HWZD JHQHWLVFKHV
'RSLQJ LP 6SRUW $OV ©YHUEHVVHUQGª ZHUGHQ GDEHL (LQJULIIH YHUVWDQGHQ GLH DQ JHVXQGHQ
0HQVFKHQGXUFKJHIKUWZHUGHQXP]%LKUH0XVNHOIXQNWLRQ]XYHUEHVVHUQGDPLWVLHLP/HLV
WXQJVVSRUW EHVVHUH (UJHEQLVVH HU]LHOHQ 5R\DO 1HWKHUODQGV$FDGHP\ RI$UWV DQG 6FLHQFHV








NHLWHQ NDXP HLQ /HYHO GHU 1RUPDOLWlW IHVWJHOHJW ZHUGHQ N|QQH HEG 6  'LH %HJULIIH











VFKHLGXQJ ]ZLVFKHQ*HVXQGKHLW XQG .UDQNKHLW DQJHVLFKWV GHV ]XQHKPHQGHQ:LVVHQV EHU
JHQHWLVFKH 'LIIHUHQ]HQ QLFKW PHKU JHOWH +HUN|PPOLFKH QRUPDWLYH 'LFKRWRPLHQ ZUGHQ VLFK
GHPQDFKEHLQlKHUHP+LQVHKHQDOVZHQLJKLOIUHLFKHUZHLVHQXQGVHLHQP|JOLFKHUZHLVHLUUHIK
UHQG1XIILHOG&RXQFLORQ%LRHWKLFV6I,Q%H]XJDXIGDVELQlUH0RGHOO7KHUDSLH±
3UlYHQWLRQ VWHOOHQ GLH$XWRULQQHQ XQG$XWRUHQ HLQHQ ©*UDXEHUHLFKª IHVW HEG 6  GHP









VLFKGLH8UVDFKHQ IUGDV/HLGHQRGHUGLH MHZHLOLJH%HQDFKWHLOLJXQJ LQIROJHHLQHU%HKLQGHUXQJ






HLQHU %HY|ONHUXQJ HQWZHGHU ©YHUEHVVHUQª RGHU VHLQH ©*WHª HUKDOWHQ VWDUNH XQG VFKZDFKH
(XJHQLN GK ,QWHUYHQWLRQHQ GLHPLWWHOV VWDDWOLFKHU0DVVQDKPHQRGHUGXUFK IUHLH LQGLYLGXHOOH
(QWVFKHLGXQJHQGXUFKJHVHW]WZHUGHQVRZLHOLEHUDOHXQGDXWRULWlUH(XJHQLNHLQHUVHLWVDXILQGL



















IHNWH QLFKW XQQ|WLJHUZHLVH YHUORUHQ JHKHQ (UVWHQV RE GHU MHZHLOLJH$QVDW] UHOHYDQW LVW KLQ
VLFKWOLFKGHVDQYLVLHUWHQ=LHOV]ZHLWHQVREGLHIUDJOLFKH,QWHUYHQWLRQGLHDPPHLVWHQEHYRU]XJ
WH2SWLRQGDUVWHOOWGDVKHLVVWREHVHLQZHQLJHUNRQWURYHUVHVE]ZULVNDQWHV0LWWHO]XU(UUHL



























'LH 1DWLRQDO $FDGHPLHV VHKHQ %HJULIIH ZLH ©GLH $EVHQ] YHUQQIWLJHU $OWHUQDWLYHQª RGHU
©VFKZHUH.UDQNKHLWª]ZDUDOVQRWZHQGLJH.ULWHULHQEHLGHU=XODVVXQJYRQJHQHWLVFKHQ(LQJULI




GD]XJHK|ULJHQ3UR]HVVH GHV NRQNUHWHQ(QJDJHPHQWV GLVNXWLHUW .RPPXQLNDWLRQ,QIRUPDWLRQ
.RQVXOWDWLRQ XQG3DUWL]LSDWLRQ HEG$XV3XEOLF(QJDJHPHQW6LFKW VHL DXVVHUGHP]ZLVFKHQ
©V\VWHPDWLF SXEOLF RSLQLRQ UHVHDUFKª XQG ©SXEOLF HQJDJHPHQW H[HUFLVHVª ]X XQWHUVFKHLGHQ
HEG6
/DXW$6+*VLQGLQ%H]XJDXIGLHXQWHUVFKLHGOLFKHQQDWLRQDOHQXQGLQWHUQDWLRQDOHQ5HJHOXQJHQ
IROJHQGH UHJXODWRULVFKH ,QWHUYHQWLRQHQ ]X XQWHUVFKHLGHQ HUVWHQV HLQ ©SDUWLFXODU SROLF\ WRROª
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  *HQRPH(GLWLQJ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
)U GHQ1XIILHOG&RXQFLO VWHOOW VLFK LQ GLHVHP=XVDPPHQKDQJ DXFK GLH )UDJHZLHZHLW GDV
|IIHQWOLFKH ,QWHUHVVH LQ GLH*UXQGODJHQIRUVFKXQJ KLQHLQ UHLFKHQ VROO HWZD LQ %H]XJ DXI GHQ
REHQVFKRQHUZlKQWHQ8PVWDQGGDVVGLH*UHQ]HQ]ZLVFKHQ*UXQGODJHQXQGWUDQVODWLRQDOHU









UDVDQWHQ WHFKQRORJLVFKHQ(QWZLFNOXQJXQWHUVXFKWZHUGHQ LQZLHZHLWEHVWHKHQGHELRXQG IRU
VFKXQJVHWKLVFKH 1RUPHQ XQG 5HJHOXQJHQ DXFK DXI GHQ %HUHLFK YRQ *HQRPH (GLWLQJ DP
0HQVFKHQDQJHZDQGWZHUGHQN|QQHQ(YHQWXHOO EHQ|WLJHHVGDIUQHXHQRUPDWLYH=XJlQJH
E]Z5HJHOXQJHQ1XIILHOG&RXQFLORQ%LRHWKLFV6+LQVLFKWOLFKGHU]XVHKHQGVP|J
OLFK ZHUGHQGHQ $QZHQGXQJ YRQ YHUHUEEDUHQ JHQHWLVFKHQ (LQJULIIHQ DP IUKHQ 0HQVFKHQ
PVVHDXFKGHQ1DWLRQDO$FDGHPLHV]XIROJHQLFKWQXUGLH%UHLWHDQ9HUZHQGXQJVP|JOLFKNHL
WHQ UHIOHNWLHUW ZHUGHQ VRQGHUQ DXFK ZLH GLHVH (QWZLFNOXQJHQ GHU )RUVFKXQJ UHJXOLHUW XQG
EHUZDFKWZHUGHQN|QQWHQ1$6(06±(VVHLDOVR]XIUDJHQZLH±NRPPXQL
NDWLYXQG UHJXODWRULVFK±DPEHVWHQPLWGHQ1HXHUXQJHQXPJHJDQJHQZHUGHQNDQQXQGRE
]%HLQHHLJHQVGDIUYRUJHVHKHQH XQGJOREDO UHOHYDQWH ,QVWLWXWLRQ(QWVFKHLGXQJHQ WUHIIHQ






ZHQGXQJ ]XJHVWDQGHQZXUGH'LHVHV5LVLNR N|QQWH LQ GHU )ROJH GLH:HLJHUXQJ EHJUQGHQ
VLFKLQHLQHEHVWLPPWH5LFKWXQJZHLWHU]XEHZHJHQ1XIILHOG&RXQFLORQ%LRHWKLFV6
8PGDV$UJXPHQWKLQUHLFKHQG]XVWW]HQLVWHUVWHQV]XIUDJHQREGLH$XVZHLWXQJGHU$QZHQ
GXQJ HLQHU EHVWLPPWHQ 7HFKQRORJLH EHL JHJHEHQHP$QODVV JHEUHPVW ZHUGHQ N|QQWH GDPLW
JHZLVVH*UHQ]HQ QLFKW EHUVFKULWWHQZHUGHQ =ZHLWHQV LQZLHIHUQ GDV (QGH GHU EH]ZHFNWHQ
(QWZLFNOXQJEHUKDXSWHWKLVFK IUDJZUGLJ LVWGDVKHLVVWHV LVWHLQHHWKLVFKH(YDOXDWLRQGHV
ILQDOHQ=XVWDQGVQ|WLJ'ULWWHQVPXVVJHNOlUWZHUGHQREGLHVH(QWZLFNOXQJDXFKZHQLJHU©UXW
VFKLJª E]ZZHQLJHU JHIlKUOLFK JHVWDOWHW ZHUGHQ N|QQWH XQG RE GDGXUFK GLH0|JOLFKNHLW EH
VWHKWGLHHWKLVFKHQ%HGHQNHQDXV]XUlXPHQ

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$QDO\VHGHVHWKLVFKHQ'LVNXUVHV 
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$P(QGHGHU6WHOOXQJQDKPHZLUG DXI DXVJHZlKOWH /LWHUDWXU YHUZLHVHQ HWZD%XQGHVUHJLHUXQJ 'HXWVFKHU
(WKLNUDW'(5*QWKHU7DXSLW]	.DLVHU7DXSLW]









QHWLVFK YHUHUEEDUHQ(LQJULIIHQ DQPHQVFKOLFKHQ(PEU\RQHQPLW GHP=LHO HLQHU 6FKZDQ
JHUVFKDIW XP HLQH Y|OOLJ DQGHUH .ODVVH ZLH GLH YHUVFKLHGHQHQ$XWRULQQHQ XQG$XWRUHQ
EHPHUNHQ(VVLQG(LQJULIIHLQGLH©([LVWHQ]HLQHV½]XNQIWLJHQ¾0HQVFKHQXQGDOOHUVHLQHU
]XNQIWLJHQ1DFKNRPPHQª%%$:6'DKHULVW]XIUDJHQREHLQH9HUOHW]XQJ
GHV 5HFKWV DXI N|USHUOLFKH 6HOEVWEHVWLPPXQJ XQG 8QYHUVHKUWKHLW EHVWHKH XQG RE GLH
:UGHGHV0HQVFKHQYHUOHW]WZHUGHZHLOHV]XHLQHU,QVWUXPHQWDOLVLHUXQJGHUEHWURIIHQHQ
,QGLYLGXHQNRPPH$XFKGDV5HFKWDXI/HEHQGHUPHQVFKOLFKHQ(PEU\RQHQ LVWKLHU]X
GLVNXWLHUHQ 6R VWHKW GDV 3RWHQ]LDO GHU (PEU\RQHQIRUVFKXQJ GHU*HIDKU GHU LQKXPDQHQ 









VDPPHQKDQJ YRQ ©VLWXDWLRQVDEKlQJLJHQ (QWVFKHLGXQJVSUR]HVVHQª ©VLWXDWLYH GHFLVLRQ
PDNLQJª LQ GHQHQ GLH$QVSUFKH XQG ,QWHUHVVHQ GHU EHWURIIHQHQ ,QGLYLGXHQ YHUKDQGHOW
ZHUGHQ1XIILHOG&RXQFLORQ%LRHWKLFV6II
 'LH JHVHOOVFKDIWOLFKH (EHQH +LHU VWHKHQ HXJHQLVFKH =LHOH DOV ©2SWLPLHUXQJª GHV
PHQVFKOLFKHQ*HQSRROV]XU'LVNXVVLRQVRZLHGDVSULYDWH+DQGHOQLP.RQWH[WGHU©RSWLPD
OHQª )DPLOLHQSODQXQJ 'HVLJQHUEDE\V 6R N|QQWHQ GXUFK HLQ*HQRPH(GLWLQJ DP0HQ
VFKHQ©XQQRUPDOHªHUEOLFKH0HUNPDOHEHVHLWLJWRGHUHUZQVFKWH0HUNPDOHYHUEUHLWHWZHU
GHQ 'DV (QKDQFHPHQW HLQHV EHVWLPPWHQ %HY|ONHUXQJVWHLOV N|QQWH GDEHL GLH P|JOLFKH
9HUVFKlUIXQJGHUEHVWHKHQGHQVR]LDOHQ8QJOHLFKKHLWQDFKVLFK]LHKHQRGHUDXFK]XQHXHQ
JHVHOOVFKDIWOLFKHQ=ZlQJHQIKUHQ'LHVDOOHVJLOWHV]XXQWHUVXFKHQGDPLWGLH0|JOLFKNHLW





GHUPHQVFKOLFKHQ )RUWSIODQ]XQJP|JOLFKHUZHLVH YHUlQGHUW ZLUG$XFK GLH )UDJH ZHOFKH
YHUHUEEDUHQ(LQJULIIHHUODXEWVHLQVROOHQXQGZLHPLWHLQHPP|JOLFKHQ(QKDQFHPHQWGHV
0HQVFKHQ XP]XJHKHQ VHL LVW ]X GLVNXWLHUHQ 'HVKDOE VSLHOW DXI GLHVHU (EHQH DXFK GLH
)UDJHQDFKGHU*UHQ]]LHKXQJ]ZLVFKHQ7KHUDSLH3UlYHQWLRQHLQHUVHLWVXQG(QKDQFHPHQW
DQGHUHUVHLWVHLQHZHVHQWOLFKH5ROOH












DXIJUXQG GHU HYROXWLRQlUHQ '\QDPLN DOV ©)LNWLRQª 1XIILHOG &RXQFLO RQ %LRHWKLFV 
6EH]HLFKQHWZLUG(LQHDIILUPDWLYH3RVLWLRQJHJHQEHUYHUHUEEDUHQJHQRPYHUlQGHUQ
GHQ9HUIDKUHQ LQGHU+XPDQE]Z5HSURGXNWLRQVPHGL]LQZUGHGLHWHFKQLVFKH6HOEVWJH
VWDOWXQJ DOV 7HLO GHV KLVWRULVFKHQ (UEHV GHV0HQVFKHQ DQVHKHQ 6R N|QQWH HWZD QDFK
JHIUDJWZHUGHQZDUXPJHUDGHGLHJH]LHOWHPHGL]LQLVFKLQGL]LHUWH*HQRPYHUlQGHUXQJDOV














($6$&EHWRQWGHQKRKHQ:HUW/HLG]XYHUULQJHUQ©7KHUH LVDPRUDOREOLJDWLRQ WR ILJKWGLV
HDVHDQG UHOLHYHKXPDQVDQGDQLPDOV IURPVXIIHULQJª ($6$&6E'LH:HLWHUHQW
ZLFNOXQJGHV*HQRPH(GLWLQJVN|QQWHIUGHQ=ZHFNGHU/HLGYHUULQJHUXQJDOVREHUDXVQW]
OLFKH:HUN]HXJHGDUVWHOOHQ(VEHVWHKW DXVVHUGHPGLH*HIDKU GXUFK YHU]|JHUWHQRGHUJDQ]
XQWHUODVVHQHQ(LQVDW]IRUVFKXQJVUHOHYDQWHRGHUPHGL]LQLVFKH0|JOLFKNHLWHQQLFKWRGHU]XVSlW





$XFK GLH +LQ[WRQ *URXS VFKlW]W GHQ:HUW GHU ZLVVHQVFKDIWOLFKHQ *UXQGODJHQIRUVFKXQJ DOV
EHUDXVKRFKHLQ'LHQHXHQJHQRPYHUlQGHUQGHQ7HFKQRORJLHQVHLHQQLFKWQXUVHKUSUl]LVH
VRQGHUQDXFKHLQIDFKNRVWHQJQVWLJXQGlXVVHUVWHIIL]LHQW+LQ[WRQ*URXS6,QGHU
*UXQGODJHQIRUVFKXQJ ZHUGHQ GLH XQPLWWHOEDUVWHQ XQG P|JOLFKHUZHLVH VSDQQHQGVWHQ ©PRVW




IXQGDPHQWDOH )UDJHQ GHVPHQVFKOLFKHQ XQG QLFKW PHQVFKOLFKHQ /HEHQV HLQ EHUDXV KRKHU
:HUW]XJHVFKULHEHQ©*HQRPHHGLWLQJKDVWUHPHQGRXVYDOXHDVDWRROWRDGGUHVVIXQGDPHQWDO
TXHVWLRQV RI KXPDQ DQG QRQKXPDQ DQLPDO ELRORJ\ DQG WKHLU VLPLODULWLHV DQG GLIIHUHQFHVª
HEG6$XFKGDV3RWHQ]LDOLQGHQNOLQLVFKHQ$QZHQGXQJHQ5HSURGXNWLRQVPHGL]LQ7KH
UDSLHXQG3UlYHQWLRQYRQ.UDQNKHLWHQZLUGDOVVWDUNHV$UJXPHQWIUGDV*HQRPH(GLWLQJDP
0HQVFKHQ DQJHIKUW 6ROFKH 9HUIDKUHQ ZHUGHQ ]ZDU DNWXHOO QLFKW DOV ]XUHLFKHQG HQWZLFNHOW
DQJHVHKHQXPLQUHSURGXNWLRQVPHGL]LQLVFKHQ.RQWH[WHQHLQJHVHW]W]XZHUGHQGRFKGDVPDJ
VLFKLQDEVHKEDUHU=HLWlQGHUQHEG6
'DV ($6$& JLEW IROJHQGH JUXQGVlW]OLFKHQ$QZHQGXQJVP|JOLFKNHLWHQ GHV *HQRPH (GLWLQJV
DP0HQVFKHQDQ(VN|QQHQHVVHQ]LHOOH*HQH LGHQWLIL]LHUWZHUGHQDGXOWH=HOOHQN|QQHQ]X
6WDPP]HOOHQ UHSURJUDPPLHUW ZHUGHQ GLH 5HSURGXNWLRQ YRQ )ODYLYLUHQ N|QQWH XQWHUEXQGHQ
ZHUGHQ XQG HV VHL P|JOLFK GHQ (LQIOXVV GHU (SLJHQHWLN DXI GDV +XPDQJHQRP JHQDXHU ]X
XQWHUVXFKHQ EHLVSLHOVZHLVH LQ %H]XJ DXI UHJXODWRULVFKH )XQNWLRQHQ XQG GLH ]HOOXOlUH 3UR
JUDPPLHUXQJHWZDLP*HKLUQ($6$&
'DV KRKHZLVVHQVFKDIWOLFKH3RWHQ]LDO GHU(PEU\RQHQIRUVFKXQJZLUG XQWHU DQGHUHP YRQ GHU
VFKZHL]HULVFKHQ(WKLNNRPPLVVLRQEHWRQW6RN|QQWHGHU1XW]HQHLQHUEHJUQGHWHQ.RUUHNWXU
HLQHVVFKZHUHQ*HQGHIHNWVGLHGDPLWYHUEXQGHQHQ5LVLNHQXQG*HIDKUHQEHUZLHJHQ1(.






GLH ,QYLWUR)HUWLOLVDWLRQ YHUEHVVHUW RGHU QHXH 7KHUDSLHDQVlW]H IU JHQHWLVFKH (UNUDQNXQJHQ
HQWZLFNHOW ZHUGHQ $XFK GLH (UIRUVFKXQJ YRQ .HLPEDKQWKHUDSLHQ XQG GHUHQ (IIHNWHQ ZlUH




XQG7KHUDSLHP|JOLFKNHLWHQ'LH*UXQGODJHQIRUVFKXQJ IKUH ]XZHVHQWOLFKHQ)RUWVFKULWWHQ LP
:LVVHQHWZDLQ%H]XJDXIGLH%LRORJLHYRQ2UJDQLVPHQHLQVFKOLHVVOLFKPHQVFKOLFKHUXQGWLHUL
VFKHU(PEU\RQHQVRZLHYRQ.HLPEDKQ]HOOHQXQGGLHYHUVFKLHGHQHQ7HFKQRORJLHQN|QQHQLP
5DKPHQ GHU )RUVFKXQJ DXFK IRUWODXIHQG ZHLWHUHQWZLFNHOW ZHUGHQ 'DV GDGXUFK ZDFKVHQGH
EHVVHUH9HUVWlQGQLVN|QQH LQGHU)ROJHGDIUKHUDQJH]RJHQZHUGHQ9RUXQG1DFKWHLOHGHU




9HUIDKUHQ EHVRQGHUV EHL GHU *HVWDOWXQJ YRQ .UDQNKHLWVPRGHOOHQ RGHU LQ 6WXGLHQ ]X .UDQN
KHLWVYHUOlXIHQJHQXW]WZHUGHQ





(LQZlQGH DXIJUXQG YRQ WHFKQLVFKHQ RGHU 6LFKHUKHLWVVWDQGDUGV ZHUGHQ YRQ VROFKHQ XQWHU





JHQJHQHWLVFKHU(LQJULIIHKLQVLFKWOLFK GHV LQGLYLGXHOOHQ ELRORJLVFKHQ)XQNWLRQLHUHQVJHQDX ]X
EHVWLPPHQ1XIILHOG&RXQFLORQ%LRHWKLFV6I'LHJU|VVWHQ%HGHQNHQYHUDQVFKDX
OLFKWGLH+LQ[WRQ*URXS DP%HLVSLHO YRQVWDPP]HOOHQEDVLHUWHQ%HKDQGOXQJHQ LQQLFKW
UHJXOLHUWHQ .OLQLNHQ JHQRPYHUlQGHUQGH 9HUIDKUHQ N|QQWHQ LQ UHSURGXNWLRQVPHGL]LQLVFKHQ
.RQWH[WHQ]XP(LQVDW]NRPPHQODQJHEHYRUHVKLQUHLFKHQGHZLVVHQVFKDIWOLFKH'DWHQJLEWGLH









































IH HLQH Y|OOLJ DQGHUH.ODVVH GDUVWHOOHQ DOV MHQH GHU VRPDWLVFKHQ*HQWKHUDSLHZHLO VLH HEHQ


























©*DPHWHVRUHPEU\RV WKDWKDYHEHHQVXEMHFW WRJHQRPHHGLWLQJSURFHGXUHV RU WKDW
DUHGHULYHGIURPFHOOVWKDWKDYHEHHQVXEMHFWWRVXFKSURFHGXUHVVKRXOGEHXVHGRQO\









VWlQGH LQ GHQHQ YHUHUEEDUHJHQHWLVFKH(LQJULIIH HWKLVFKDN]HSWDEHO VHLQ N|QQWHQ GRFKGDV
:RKOEHILQGHQGHU]XNQIWLJHQ3HUVRQPXVVGDEHLVWHWVLP%OLFNEHKDOWHQZHUGHQ(LQVROFKHU
HWKLVFK YHUWUHWEDUHU 8PVWDQG ZlUH HWZD GLH KLQUHLFKHQG GXUFKJHIKUWH (UIRUVFKXQJ YRQ 5L
VLNHQDXIVHLWHQGHU1DFKNRPPHQE]ZGHU)ROJHJHQHUDWLRQHQ LQ%H]XJDXIGDV MHZHLOLJHLQ
JHVHW]WH*HQRPH(GLWLQJ9HUIDKUHQ'HU IUDJOLFKHJHQHWLVFKH(LQJULIIPVVWHDOVR IUHLYRQ LQ












$XVVHUGHP JLOW HV GHU QHXDUWLJHQ ©HSLVWHPLVFKHQ 3RVLWLRQª DXIVHLWHQ GHU ,QGLYLGXHQ 5HFK
QXQJ ]X WUDJHQ GLH WLHIJUHLIHQGH(QWVFKHLGXQJHQQDFK VLFK ]LHKW'LH KRKH.RPSOH[LWlW GHU
5DKPXQJGUFNWVLFKGDEHL LQGHQYHUVFKLHGHQHQ ,QWHUHVVHQXQG LQGHQ9HUDQWZRUWOLFKNHLWHQ
DXV GLHPLW GHPQHXDUWLJHQ:LVVHQGXUFKJHQHWLVFKH ,QIRUPDWLRQHQHLQKHUJHKHQ YJO HEG






RU WKDWDUHGHULYHG IURPFHOOV WKDWKDYHEHHQVXEMHFW WRVXFKSURFHGXUHVVKRXOGEH
SHUPLWWHGRQO\LQFLUFXPVWDQFHVLQZKLFKLWFDQQRWUHDVRQDEO\EHH[SHFWHGWRSURGXFH
RU H[DFHUEDWH VRFLDO GLYLVLRQ RU WKH XQPLWLJDWHG PDUJLQDOLVDWLRQ RU GLVDGYDQWDJH RI
JURXSVZLWKLQVRFLHW\ªHEG6
,QGLHVHP=XVDPPHQKDQJZHUGHQGLHJHVHOOVFKDIWOLFKHQ,QWHUHVVHQGLVNXWLHUW'DGHUHOWHUOLFKH




DOOH(LQJULIIH GLHVHU$UWZLUNHQ VLFK XQ]ZHLIHOKDIW YHUEHVVHUQG DXI GDV:RKOEHILQGHQ GHU ]X
NQIWLJHQ3HUVRQDXV'LHVH(UNHQQWQLVHUIRUGHUWHLQHDQKDOWHQGH$QDO\VHGHUZHLWHUUHLFKHQ
GHQ ,PSOLNDWLRQHQ HWZD KLQVLFKWOLFK LQGLUHNWHU (IIHNWH DXI 0LWPHQVFKHQ RGHU LQ %H]XJ DXI












QLFKW GDULQ DOV UHDOLVWLVFKH 9RUKHUVDJHQ ]X GLHQHQ VRQGHUQ DOV *HGDQNHQH[SHULPHQWH GLH
GDEHLKHOIHQN|QQHQHWKLVFKHV2ULHQWLHUXQJVZLVVHQ]XJHZLQQHQ8PGLH LQGLHVHP=XVDP










GLH ZHLWHUH XQYRUKHUVHKEDUH (YROXWLRQ GHV0HQVFKHQ DXVEOHQGHW 'HVKDOE HUDFKWHW HV GHU
1XIILHOG&RXQFLODOVQRWZHQGLJGLHVSH]LILVFKHQ9HUZHQGXQJVZHLVHQGHV*HQRPH(GLWLQJVDP
0HQVFKHQ GDKLQ JHKHQG ]X DQDO\VLHUHQ LQZLHIHUQ GLH5HFKWH XQG ,QWHUHVVHQ GHU(LQ]HOQHQ
VRZLHGHU*HVHOOVFKDIWDQJHJULIIHQZHUGHQHEG
/HW]WOLFK ]HLJHQ VLFK GLH0LWJOLHGHU GHV1XIILHOG &RXQFLO DEHU HKHU VNHSWLVFK ZDV JHQHWLVFK
YHUHUEEDUH(LQJULIIHGXUFK*HQRPH(GLWLQJDQJHKWGHQQHVVHLVFKZLHULJZHQQQLFKWXQP|J
OLFKDOOHXQHUZQVFKWHQ(IIHNWHE]Z5LVLNHQKLQUHLFKHQGHUIRUVFKW]XKDEHQEHYRUHV]XHLQHU











into D MXULVGLFWLRQ LWPD\DOVR VHHN WRH[HUW SROLWLFDO FRQWURO RYHUZKDW VRUW RI SHRSOH
VKRXOGFRPHinto being LQDMXULVGLFWLRQ,WLVQRWKDUGWRLPDJLQHJLYHQWKHDYDLODELOLW\
© CC BY-NC-ND, vdf.ch/open-access/genome-editing-interdisziplinare-technikfolgenabschatzung-e-book.html
$QDO\VHGHVHWKLVFKHQ'LVNXUVHV 

RI KLVWRULFDO H[DPSOHV IURP WKH WZHQWLHWK FHQWXU\ ZKDW WKH SURJHQ\ RI HWKQR
QDWLRQDOLVPDQGWHFKQRQDWLRQDOLVPFRXOGORRNOLNHªHEG6
,Q%H]XJDXI©6RIW*RYHUQDQFHªXQGGDV|IIHQWOLFKH,QWHUHVVHJHKWGHU1XIILHOG&RXQFLOGDQQ




GHQ GLH HWKLVFKHQ3ULQ]LSLHQ GLH GHU%HULFKW GHU1DWLRQDO$FDGHPLHV IHVWKlOW YJO REHQ$E
VFKQLWW  ]XP HLQHQ DOV VR YDJH EHVFKULHEHQ GDVV JHJHQVlW]OLFKH 3RVLWLRQHQ GDUDXV
JHVFKORVVHQZHUGHQN|QQHQ]XPDQGHUHQZUGHQVLHDEHUDXFKHLQHSRWHQ]LHOOH3HUVSHNWLYH
IU GLH %HJUQGXQJ XQG 'LVNXVVLRQ HLQ]HOQHU $QZHQGXQJVP|JOLFKNHLWHQ HU|IIQHQ HEG







PLW GLHVHU ,QLWLDWLYH HLQKHUJHKHQ GLH IUDJZUGLJH8QWHUVFKHLGXQJ ]ZLVFKHQ*UXQGODJHQ XQG
DQJHZDQGWHU)RUVFKXQJGLH9HUIJEDUNHLWYRQ*HQRPH(GLWLQJ9HUIDKUHQIU1XW]HULQQHQXQG
1XW]HUGLHQLFKWGHU(OLWHGHUZLVVHQVFKDIWOLFKHQ*HPHLQVFKDIWDQJHK|UHQHWZDVRJHQDQQWH
',<%LRKDFNHULQQHQ XQG %LRKDFNHU XQG VFKOLHVVOLFK GLH JOREDOH %HZHJOLFKNHLW YRQ:LVVHQ
)HUWLJNHLWHQ7HFKQRORJLHQHWFGLHGDV]ZLVFKHQVWDDWOLFKH6FKOLFKWHQLQ%H]XJDXIJHJHEHQH













:LH YLHOH DQGHUHDXFKHPSILHKOW GLH%%$: NHLQHJHQHUDOLVLHUHQGHQ8UWHLOH EHU GLH LQIUDJH
VWHKHQGHQJHQRPYHUlQGHUQGHQ$QZHQGXQJHQ]XIlOOHQ9LHOPHKUKlQJHGLHHWKLVFKH9HUWUHW




'LH 6LFKHUKHLWV XQG 5LVLNRDVSHNWH VROOWHQ GDKHU LQ (UJlQ]XQJ ]XU RIIHQHQ *UXQGODJHQ
IRUVFKXQJXQWHUVXFKWZHUGHQ
'LH/HRSROGLQD LVW LQ LKUHUHUVWHQ6WHOOXQJQDKPHGHU0HLQXQJGDVVGHU)RUWVFKULWW]ZDUQLFKW
DXIJHKDOWHQZHUGHQVROOWHDEHUHVZLUGEHVRQGHUH6RUJIDOWXQG7UDQVSDUHQ]LQGHU.RPPXQL
NDWLRQVNXOWXUVRZLHLQGHUZLVVHQVFKDIWOLFKHQ)RUVFKXQJJHIRUGHUW,Q%H]XJDXI$QZHQGXQJV
YHUVSUHFKHQ VROOWH GLH:LVVHQVFKDIW GHPQDFK ©]XQlFKVW ]XUFNKDOWHQG XQG UHDOLVWLVFK EOHL
EHQªXQGGLH$XWRULQQHQXQG$XWRUHQPDKQHQLQ(ULQQHUXQJDQGLHHUVWHQNOLQLVFKHQ6WXGLHQ
]XU *HQWKHUDSLH LQ GHQ HU-DKUHQ ©NHLQH XQEHJUQGHWHQ bQJVWH RGHU EHU]HLFKQHWHQ
+RIIQXQJHQ >]X@ ZHFNHQª 1DWLRQDOH$NDGHPLH GHU:LVVHQVFKDIWHQ /HRSROGLQD HW DO 
6D
'HU1XIILHOG&RXQFLOEHPHUNWDXVVHUGHPGDVVGLH(QWVFKHLGXQJ]XU$QZHQGXQJYRQ7HFKQR
ORJLHQ VWHWV XQWHU GHU%HUFNVLFKWLJXQJ GHUP|JOLFKHQ$OWHUQDWLYHQ UHIOHNWLHUWZHUGHQPVVH
XQG ]ZDU DXFK LQ%H]XJ DXI GLH0|JOLFKNHLW JDU NHLQH%HKDQGOXQJ DQ]XZHQGHQ VRZLH KLQ











DQGHUHP DQJHPHVVHQHPHGL]LQLVFKH9HUVXFKVPRGHOOH YRUVHKHQ VRZLH GLH IRUWODXIHQGH9HU
EHVVHUXQJ GHU$QZHQGXQJ YRQ *HQRPH (GLWLQJ DP0HQVFKHQ$Q )RUVFKHULQQHQ XQG )RU
VFKHUHUJHKWDXFKGLH$XIIRUGHUXQJVLFKVWHWVGDUEHU LP.ODUHQ]XVHLQZHOFKH$UW(PEU\R
IUGLH)RUVFKXQJYHUZHQGHWZLUGGDPLWGHQYHUVFKLHGHQHQ.DWHJRULHQDXFKXQWHUVFKLHGOLFK
ZHLWUHLFKHQGH )RUVFKXQJVUHVXOWDWH ]X HU]LHOHQ VHLHQ +LQ[WRQ *URXS  6  'LH )RU
VFKXQJVPHWKRGHQXQGHUJHEQLVVHVROOWHQEHUGLHV|IIHQWOLFKYHUIJEDUJHPDFKWZHUGHQXP














QLFKW GD]X GLH )RUVFKXQJ DQ(PEU\RQHQ JUXQGVlW]OLFK DE]XOHKQHQ (VZLUG DEHU DXFK NHLQH
$XIO|VXQJ GHV JUXQGOHJHQGHQ 'LVVHQVHV HUZDUWHW ZHVKDOE HLQ ©YHUQQIWLJHU UHFKWVSROLWLVFKHU
.RPSURPLVVª DOV GLH EHVWH /|VXQJ JHVHKHQZLUG GLHVHU.RPSURPLVV ODXWHW ©QXU ½YHUZDLVWH¾
(PEU\RQHQIUGLH)RUVFKXQJ]X]XODVVHQª1DWLRQDOH$NDGHPLHGHU:LVVHQVFKDIWHQ/HRSROGLQD
6'LH9HUZHQGXQJYRQ©EHU]lKOLJHQª(PEU\RQHQPVVWHGDEHLGHQIROJHQGHQ%H
GLQJXQJHQ HQWVSUHFKHQ 'LH (OWHUQ PVVWHQ PLW GHU )RUVFKXQJ HLQYHUVWDQGHQ VHLQ GLH )RU
VFKXQJ VROOWH QXU DXIPHGL]LQLVFKH=ZHFNH EHVFKUlQNWZHUGHQ ©XQG DXFK QXU LQ JDQ] IUKHQ
(QWZLFNOXQJVSKDVHQªHUIROJHQYJOGLH7DJH5HJHOLQ*URVVEULWDQQLHQ6FKZHGHQXQG)UDQN
UHLFKHEG6$XFKVROOWHQHWZDQDFKGHP9RUELOGGHUEULWLVFKHQ©+XPDQ)HUWLOLVDWLRQDQG
(PEU\RORJ\$XWKRULW\ª +)($ GW ©%HK|UGH IU PHQVFKOLFKH %HIUXFKWXQJ XQG (PEU\RORJLHª






WlW DXV GDV KHLVVW LKP ]XIROJH VROOWH HLQH VWlUNHUH .RUUHVSRQGHQ] ]ZLVFKHQ ZLVVHQVFKDIW





 6  ,Q VHLQHP ]ZHLWHQ%HULFKW VWHOOW GHU1XIILHOG&RXQFLO GDUEHU KLQDXV ]ZHL )RU
VFKXQJVDQVlW]HYRUGLHYRQ)RUVFKXQJVHLQULFKWXQJHQZHLWHUYHUIROJWZHUGHQVROOWHQZLHREHQ
EHUHLWVNXU]HUZlKQWZXUGH1XIILHOG&RXQFLORQ%LRHWKLFV6]XPHLQHQGLH)RU





]XJ DXI GLH QHXDUWLJH ©HSLVWHPLVFKH 3RVLWLRQª GHU LQGLYLGXHOOHQ (QWVFKHLGXQJVWUlJHU GDV





GLH ©*OREDO<RXQJ$FDGHP\ª VRZLH DXI GLH:LVVHQVFKDIWVJHPHLQGH LQVJHVDPW (UVWHUH VROOWH
VLFKPLWGHU([SDQVLRQGHU',<%LRORJLH&RPPXQLW\DXVHLQDQGHUVHW]HQ/HW]WHUHVROOWHZHLWHUKLQ
GLH SROLWLVFK9HUDQWZRUWOLFKHQ LQIRUPLHUHQ VRZLH EHUDWVFKODJHQ XQG GDEHL DXFK GDV%LRZDIIHQ
EHUHLQNRPPHQYRQEHUFNVLFKWLJHQGDVJHJHEHQHQIDOOVDEJHlQGHUWZHUGHQPXVV













HEHQ GLH VRPDWLVFKH*HQWKHUDSLH E]Z GHUHQ$QZHQGXQJHQ GLH GXUFK ©VRXQG VFLHQWLILF UH
VHDUFKªKLQVLFKWOLFKLKUHU&KDQFHQXQG5LVLNHQHUIRUVFKWZHUGHQPVVHQEHYRUGDPLW]XVDP
PHQKlQJHQGHNOLQLVFKH$QZHQGXQJHQ]XP(LQVDW]NRPPHQ5R\DO1HWKHUODQGV$FDGHP\RI
$UWV DQG 6FLHQFHV  6  'LH EHVWHKHQGHQ5LFKWOLQLHQ ]XU*HQWKHUDSLH ]X NOLQLVFKHQ
9HUVXFKHQXQG]XUJHQHWLVFKHQ0RGLILNDWLRQVHLHQDEHU]XUHLFKHQGDXVJHDUEHLWHWXPHLQH]X
IULHGHQVWHOOHQGH VRPDWLVFKNOLQLVFKH$QZHQGXQJ GXUFK]XIKUHQ 'LH$6+* VSULFKW VLFK DXV
VHUGHP GDIU DXV GDVV GLH *UXQGODJHQIRUVFKXQJ GXUFK |IIHQWOLFKH *HOGHU JHI|UGHUW ZLUG
$6+*
$XFKGHP($6$&]XIROJHPVVHQGLH5LVLNHQXQJHQDXHU0RGLILNDWLRQHQQRFKYLHOEHV
VHU YHUVWDQGHQZHUGHQ*OHLFK]HLWLJ HPSIHKOHQ GLH$XWRULQQHQ XQG$XWRUHQ GLH SRWHQ]LHOOHQ
&KDQFHQ GHV *HQRPH (GLWLQJV DP 0HQVFKHQ ZHLWHU ]X XQWHUVXFKHQ 'LHVH$QZHQGXQJHQ
VROOWHQ VWHWV XQWHU VWUHQJHU .RQWUROOH HYDOXLHUW ZHUGHQ XQG ]ZDU LQQHUKDOE GHU EHVWHKHQGHQ
XQGZHLWHU]XHQWZLFNHOQGHQUHJXODWRULVFKHQ5DKPHQZHUNHIU*HQXQG=HOOWKHUDSLH
'HU1XIILHOG&RXQFLOLVWJHQDXVRGHU0HLQXQJGDVVGLH&KDQFHQXQG5LVLNHQHLQHVJHQRPYHU





;HQRWUDQVSODQWDWLRQ EHKDQGHOW ZRUGHQ VHLHQ GXUFK GHQZLVVHQVFKDIWOLFKHQ)RUWVFKULWW MHGRFK HUQHXWHU'LVNXVVLRQV
EHGDUIEHVWHKH1XIILHOG&RXQFLORQ%LRHWKLFVYJO1XIILHOG&RXQFLORQ%LRHWKLFV'DV3RWHQ]LDOGHUQHXHQ
*HQRPH (GLWLQJ9HUIDKUHQ ZHUGH DOV EHUDXV KRFK HLQJHVFKlW]W ©;HQRWUDQVSODQWDWLRQ UHVHDUFKHUV YLHZ JHQRPH
HGLWLQJDVKDYLQJ½JDPHFKDQJLQJ¾SRWHQWLDOWRDFFHOHUDWHUHVHDUFKLQWKLVDUHDª1XIILHOG&RXQFLORQ%LRHWKLFV
6  'LH WHFKQRORJLVFKHQ 1HXHUXQJHQ N|QQWHQ HWZD GDIU HLQJHVHW]W ZHUGHQ GDV $XIWUHWHQ YRQ =RRQRVHQ ]X
YHUULQJHUQ DOVR ,QIHNWLRQVNUDQNKHLWHQ GLH YRQ 7LHU ]X 0HQVFK XQG YRQ 0HQVFK ]X 7LHU EHUWUDJHQ ZHUGHQ$XFK
XQHUZQVFKWH,PPXQUHDNWLRQHQN|QQWHQYHUPLHGHQZHUGHQVLHKH/DQJXQG*ULHVVOHULQGLHVHP%DQG.DSLWHO
 







RGHU DXFK NRPSOH[H V\QWKHWLVFKH2UJDQLVPHQRGHU RUJDQLVFKH.RPSRQHQWHQ ]X VFKDIIHQ 1XIILHOG&RXQFLO RQ%LR
HWKLFV6'LHWHFKQLVFKHQ1HXHUXQJHQVFKHLQHQMHGHQIDOOVHLQH5HYLVLRQGHUHWKLVFKHQ'HEDWWHUXQGXP
;HQRWUDQVSODQWDWLRQ QRWZHQGLJ ]X PDFKHQ DXFK LQ %H]XJ DXI HLQH DQJHPHVVHQH 5HJXODWLRQ HEG 6  'DV
($6$&VSULFKWKLHUEHLGLH(PSIHKOXQJDXVGDVVVLFKGLHSROLWLVFK9HUDQWZRUWOLFKHQDXIGLHQHXHQ$QZHQGXQJVP|J





'LH/HRSROGLQD OHKQW HLQ(QKDQFHPHQW GHV0HQVFKHQ MHQVHLWV GHU WKHUDSHXWLVFKHQ%HKDQG
OXQJ XQG 3UlYHQWLRQ DE GHQQ HV JHEH QLFKW QXU LPPHU QRFK JHZDOWLJH:LVVHQVOFNHQ XQG
QLFKWDEVFKlW]EDUH5LVLNHQVRQGHUQHVZUGHQVLFKDXISULQ]LSLHOOHU(EHQHIXQGDPHQWDOHHWKL
VFKH VRZLH VR]LDOH )UDJHQ VWHOOHQ XQG GLH JHVHOOVFKDIWOLFKH %HDQWZRUWXQJ GHUVHOEHQ VWHKH













WLYHQ(LQJULIIH VHLHQDXVVHUGHP LPPHU LQ HLQHU EUHLWHUHQ'HEDWWH UXQGXPGLH9HUEHVVHUXQJ
GHV0HQVFKHQ]XYHURUWHQ6ROOWHQJHQHWLVFKH(LQJULIIHGLHZHGHUWKHUDSHXWLVFKQRFKSUlYHQ
WLYVRQGHUQ©YHUEHVVHUQGªZLUNHQ©½LPSURYH¾KXPDQEHLQJVª5R\DO1HWKHUODQGV$FDGHP\RI
$UWV DQG 6FLHQFHV  6  XQWHU EHVWLPPWHQ 8PVWlQGHQ HUODXEW ZHUGHQ PVVWHQ VLH
MHGHQIDOOVKLQUHLFKHQG UHJXOLHUWZHUGHQXPGLH6LFKHUKHLW GHU%HWHLOLJWHQ]XJDUDQWLHUHQ9RU
GHU$QZHQGXQJ GHU QHXHQ JHQWHFKQLVFKHQ 9HUIDKUHQ DXI .HLPEDKQ]HOOHQ EUDXFKW HV GDU
EHUKLQDXVQRFKYLHOPHKU)RUVFKXQJXQGDXFK|IIHQWOLFKH'HEDWWHQGDPLWVLFKHUJHVWHOOWZHU
GHQ NDQQ GDVV ZHVHQWOLFKH HWKLVFKH :HUWH EHZDKUW XQG QHJDWLYH 1HEHQHIIHNWH YHUKLQGHUW
ZHUGHQ





ILHKOW GHU 1XIILHOG &RXQFLO GLH %HVWLPPXQJ GHV ©QRUPDOHQ )XQNWLRQLHUHQVª HLQHV JHVXQGHQ























































RGHU GHQ 6FKXW] YRU XQ]XUHLFKHQG NRQWUROOLHUWHQ $QZHQGXQJHQ ± HQWODQJ GHP ©)RXU
SULQFLSOHVDSSURDFKªQDFK%HDXFKDPSXQG&KLOGUHVV
x (VPXVVHLQHWUDQVSDUHQWH|IIHQWOLFKH'HEDWWHJHIKUWZHUGHQ





'DUEHU KLQDXV ZHUGHQ DXFK NRQNUHWHUH (PSIHKOXQJHQ IU GLH 5HJXODWLRQ YRQ YHUHUEEDUHQ
JHQHWLVFKHQ(LQJULIIHQDP0HQVFKHQJHJHEHQ
x (LQHVROFKHNOLQLVFKH$QZHQGXQJGDUIVRODQJHQLFKWHUODXEWZHUGHQELVGLH5LVLNHQP|J
OLFKHU XQHUZQVFKWHU5HVXOWDWH JHQJHQG HUIRUVFKWZRUGHQ VLQG 'DV HUIRUGHUH$UUDQJH
PHQWVYHUPLWWHOVGHUHUGLH)ROJHQEHUZDFKWZHUGHQN|QQHQVRZLHOHJLWLPHXQGHIIHNWLYH
0HFKDQLVPHQ GLH JHJHQ XQHUZQVFKWH )ROJHQ ZLUNHQ 'DV VFKOLHVVH DXFK HLQH NODUH














]LILVFKHQ*HQRPH(GLWLQJ$QZHQGXQJHQ LP5DKPHQHLQHU KLQUHLFKHQG UHJXOLHUWHQ NOLQLVFKHQ
)RUVFKXQJ]XXUWHLOHQ'LHVH(PSIHKOXQJVWLPPWDXFKPLWGHU%HWRQXQJGHUNXOWXUHOOHQ.RQWH[
WH EHUHLQ VLHKH$EVFKQLWW  6  $XVVHUGHP PVVHQ VLFK ,QVWLWXWLRQHQ GLH )RU






WHQGH LQWHQVLYH5HIOH[LRQ GHU XQPLWWHOEDUPLWHLQDQGHU YHUEXQGHQHQ HWKLVFKHQ ZLVVHQVFKDIW
OLFKHQXQGUHJXODWRULVFKHQ$VSHNWHJHIRUGHUWZLUG
bKQOLFKIRUGHUWGLHVFKZHL]HULVFKH(WKLNNRPPLVVLRQHLQH$QWZRUWDXIGLH]HUVSOLWWHUWHXQGLQNR





XPIDVVHQGHV *HVHW] EHU GHQ 8PJDQJ PLW PHQVFKOLFKHQ (PEU\RQHQ ]X HUZlJHQª HEG
$XFKGLH$XWRULQQHQXQG$XWRUHQGHU/HRSROGLQDVSUHFKHQVLFKLQGLHVHP6LQQHIUHLQH©HQJ





IL]LHUHQ GLH HLQH |IIHQWOLFKH 3DUWL]LSDWLRQ EHQ|WLJHQ ,QKDOWH HIIL]LHQW NRPPXQL]LHUHQ XQG GLH
|IIHQWOLFKH%HWHLOLJXQJLQEHUHLWVEHVWHKHQGHQ1HW]ZHUNHQI|UGHUQ$XVVHUGHPVROOWHGD]XEHL
JHWUDJHQ ZHUGHQ GDVV GLH VR]LRSROLWLVFKHQ HWKLVFKHQ XQG OHJDOHQ $VSHNWH GHU WKHUDSHX
WLVFKHQE]ZSUlYHQWLYHQ(LQJULIIHXQGGHV(QKDQFHPHQWEHVVHUYHUVWDQGHQZHUGHQXQGGDVV
GLH (UJHEQLVVH GHU |IIHQWOLFKHQ %HWHLOLJXQJ LQ GLH )HVWOHJXQJ YRQ 5HJHOXQJHQ HLQIOLHVVHQ
1$6(06I
'HP ($6$& ]XIROJH VROOWHQ GLH JHIRUGHUWHQ VHNWRUVSH]LILVFKHQ 5HJXOLHUXQJVPDVVQDKPHQ
HYLGHQ]EDVLHUWDEJHVLFKHUWZHUGHQ'DEHLVHLHQ&KDQFHQJHQDXVRZLHK\SRWKHWLVFKH5LVLNHQ





UHQ$NWHXUHQ DQ GHQ 'HWHUPLQDQWHQ DUEHLWHQ GLH GLH JHVHOOVFKDIWOLFKH .OXIW YHUULQJHUQ XQG
]ZDU GXUFK ©DFWLYH NQRZOHGJH WUDQVIHU FROODERUDWLRQ EHWZHHQ UHVHDUFKHUV ZRUOGZLGH RSHQ








$XFK GHU$6+*  ]XIROJH VLQG QDWLRQDOH XQG LQWHUQDWLRQDOH 5HJHOXQJHQ ]X HUDUEHLWHQ
ZHOFKHGLH(PEU\RQHQIRUVFKXQJVRZLHP|JOLFKH.HLPEDKQLQWHUYHQWLRQHQUHJXOLHUHQ'LH)RU




,Q GLHVHP =XVDPPHQKDQJ EHUOHJW GHU 'HXWVFKH (WKLNUDW LQ VHLQHU $GKRF6WHOOXQJQDKPH
GDVV GHU QRWZHQGLJH EUHLWH'LVNXUV GXUFK HLQH JURVVH LQWHUQDWLRQDOH .RQIHUHQ] ]XP7KHPD
DQJHUHJWZHUGHQ N|QQWH (VZLUG DXFK GLH )HVWOHJXQJ YRQ JOREDO YHUELQGOLFKHQ6LFKHUKHLWV
VWDQGDUGVELVKLQ]X5HVROXWLRQHQRGHUY|ONHUUHFKWOLFKHQ.RQYHQWLRQHQGLVNXWLHUW$XFKZHQQ
GLHVHU3UR]HVVPKVDPXQGVFKZHUIlOOLJ]XZHUGHQYHUVSUHFKHVHLGDVNHLQ9RUZDQGVROFKH







VR]LDOH*HUHFKWLJNHLW E]Z6ROLGDULWlW DQGHUHUVHLWV YHUOHW]WZHUGHQRGHUQLFKW'DV VFKOLHVVH
MHGRFKQLFKWDXVGDVVYHUHUEEDUH(LQJULIIHGXUFK*HQRPH(GLWLQJHLQPDOHUODXEWZHUGHQN|QQ
WHQ'DUDXIVROOWHVLFKGLHEULWLVFKH5HJLHUXQJYRUEHUHLWHQGDVKHLVVWGLH*HVXQGKHLWVPLQLVWHULQ




JHQRPHV KDYH EHHQ HGLWHG VKRXOG EH HQWLWOHG WR WKH IXOO HQMR\PHQW RI KXPDQ ULJKWVª HEG
6,Q%H]XJDXIYHUHUEEDUHJHQHWLVFKH(LQJULIIHDP0HQVFKHQVROOWHQDXFKGLHJHLVWLJHQ
(LJHQWXPVUHFKWHEHUFNVLFKWLJWZHUGHQXP6LFKHUKHLW(IIHNWLYLWlWXQGHWKLVFKH9DOLGLWlWJDUDQ
WLHUHQ]XN|QQHQ HEG6 6FKOLHVVOLFKZLUGGD]XDXIJHIRUGHUWPLW LQWHUQDWLRQDO WlWLJHQ









GHV &5,635&DV9HUIDKUHQV GDVV EHL K|KHUHQ 7LHUHQ GLH $XVVFKDOWXQJ XQG 9HUlQGHUXQJ YRQ *HQHQ GDGXUFK
GHXWOLFKVFKQHOOHUXQGHIIL]LHQWHUJHVFKHKHQN|QQHXQGQLFKWPHKUHLQH©VHKUJURVVH=DKOYRQ9HUVXFKVWLHUHQªQ|WLJ
ZlUH 1DWLRQDOH $NDGHPLH GHU :LVVHQVFKDIWHQ /HRSROGLQD  6 D bKQOLFK XQG HEHQIDOOV SULPlU XQWHU GHP
*HVLFKWVSXQNW GHU.RVWHQHIIL]LHQ] EHWRQW GHU1XIILHOG&RXQFLO GDVV LQ7LHUHQ HUZQVFKWH9HUlQGHUXQJHQ YHUPLWWHOV
*HQRPH(GLWLQJGLUHNWKHUYRUJHEUDFKWZHUGHQN|QQHQXQGHVQLFKWPHKUQ|WLJ LVWPHKUHUH*HQHUDWLRQHQ ]%YRQ
0lXVHQ]X]FKWHQ1XIILHOG&RXQFLORQ%LRHWKLFV6'LHPDQJHOQGH%HUFNVLFKWLJXQJGHV$VSHNWHVGHV
7LHUZRKOV ZLUG GDEHL IDVW DSRORJHWLVFKPLW GHU IHKOHQGHQ5HVSRQVH DXI GHQCall for Evidence GHV1XIILHOG &RXQFLO
HUNOlUWHEG6)Q=XVDPPHQIDVVHQGEHVWHKW8QHLQLJNHLWGDUEHURE&5,635&DVGXUFKGLH=LHOJHQDXLJ
NHLWGHV9HUIDKUHQVLQHLQHU5HGX]LHUXQJGHU$Q]DKOGHU9HUVXFKVWLHUHUHVXOWLHUWGHQQGXUFKGLHJHULQJHQ.RVWHQGHV





HLQH LQGLYLGXHOOH %HKDQGOXQJ EHLP 0HQVFKHQ ]X HUP|JOLFKHQ 'LHVH +DQGOXQJVRSWLRQ PDJ IU GDV 9HUKlOWQLV YRQ
0HGL]LQ XQG )RUVFKXQJ HLQ QHXHV )HOG HU|IIQHQ GD HLQH GLUHNWH 9HUELQGXQJ ]ZLVFKHQ VSH]LILVFKHQ 3DWLHQWHQ XQG
3DWLHQWLQQHQ XQG GHQ 7LHUPRGHOOHQ LP /DERU EHVWHKW 'HP1XIILHOG &RXQFLO ]XIROJH HUJHEHQ VLFK GDUDXV MHGHQIDOOV
QHXH $XVVLFKWHQ DXV SV\FKRORJLVFKHU 3HUVSHNWLYH GXUFK GLH DQGHUVDUWLJH LQWLPHUH 0HQVFK7LHU%H]LHKXQJ DEHU
DXFKLQ%H]XJDXI3ULYDWKHLWVXQG*HUHFKWLJNHLWVIUDJHQHWZDZHQQHVGDUXPJHKWZHUHLQVROFKHVSHUVRQDOLVLHUWHV
7LHUPRGHOOKDEHQXQGXQWHUZHOFKHQ%HGLQJXQJHQGLHVVWDWWILQGHQVROOHEG6
7LHUHWKLVFKH )UDJHQ ZHUGHQ KLHU DEHU QLFKW DXVGUFNOLFK JHVWHOOW XQG DXFK DQ DQGHUHU 6WHOOH QXU QHEHQEHL
DXIJHZRUIHQ6RGLVNXWLHUHQGLH$XWRULQQHQXQG$XWRUHQ$QZHQGXQJHQGHV*HQRPH(GLWLQJVGLHVLFKGLUHNWDXIGLH
*HVXQGKHLWXQGGDV:RKOHUJHKHQYRQ7LHUHQDXVZLUNHQYRUDOOHPLQ%H]XJDXIGHQ]XHUZDUWHQGHQNRPPHU]LHOOHQ
1XW]HQ HEG6 ,QGHU LQWHQVLYHQ9LHK]FKWXQJVSLHOWGLH$QSDVVXQJGHU7LHUHDQ8PZHOWEHGLQJXQJHQHLQH
ZLFKWLJH 5ROOH :HUGHQ =XFKWWLHUH LQ GHU /DQGZLUWVFKDIW HWZD DXI VHKU HQJHP 5DXP JHKDOWHQ VR EHVWHKW HLQH
JU|VVHUH*HIDKUGDVVVLFKLQIHNWL|VH.UDQNKHLWHQVFKQHOODXVEUHLWHQ'LHVH*HIDKUZLUGGXUFK0DVVQDKPHQZLHGLH
=FKWXQJKRUQORVHU5LQGHUGLHGDQQDXIQRFKHQJHUHP5DXPJHKDOWHQZHUGHQN|QQHQYHUVWlUNW'HVKDOEVRGLH
$XWRULQQHQ XQG$XWRUHQ ZLUG DNWLY DQ .UDQNKHLWVUHVLVWHQ]HQ JHIRUVFKW GDPLW GHU (LQVDW] YRQ SURSK\ODNWLVFKHQ
$QWLPLNURELRWLNDUHGX]LHUWZHUGHQNDQQXQGGLH5HVLVWHQ]JHJHQEHUGHQVHOEHQIROJOLFKYHUULQJHUWZLUG'HU1XIILHOG
&RXQFLO JHKW KLHU QXU DXI GLH NRPPHU]LHOOH 3HUVSHNWLYH HLQ XQGGLHV QXU LQ GHVNULSWLYHU:HLVH 6SlWHU ZLUG DEHU
]XPLQGHVW GDUDXI KLQJHZLHVHQ GDVV DXIJUXQG GHU GDPLW ]XVDPPHQKlQJHQGHQ WLHUHWKLVFKHQ %HGHQNHQ HLQH
YHUDQWZRUWXQJVYROOH |IIHQWOLFKH 'HEDWWH JHIKUW ZHUGHQ VROOWH HEG 6  $XVVHUGHP ZLUG LQ GHU ]ZHLWHQ
6WHOOXQJQDKPHYRQHUZlKQWGDVVDQHLQHPHLJHQHQ%HULFKW]X*HQRPH(GLWLQJLQ9HUELQGXQJPLW1XW]WLHUHQ
LQ GHU /DQGZLUWVFKDIW JHDUEHLWHW ZLUG 1XIILHOG &RXQFLO RQ %LRHWKLFV  6  )Q  'DV ($6$& EHPHUNW LQ
GLHVHP=XVDPPHQKDQJIUGHQHXURSlLVFKHQ.XOWXUUDXPOHGLJOLFKGDVVGLH)RUVFKXQJDQ7LHUHQEHUHLWVVWUHQJHQ
$XIODJHQXQWHUOLHJHXQGGDVVDQHUNDQQWZHUGHQVROOHZHOFKH0|JOLFKNHLWHQGLHQHXHQ*HQRPH(GLWLQJ9HUIDKUHQ








'LH LQ9HUELQGXQJPLW GHP*HQRPH(GLWLQJ DP0HQVFKHQZHLWHUKLQ EHVWHKHQGHQ HWKLVFKHQ
'LOHPPDWD ELHWHQ IU YLHOH GHQ$QODVV GLH QRWZHQGLJH GLIIHUHQ]LHUWH$EZlJXQJ GXUFK HLQHQ
EUHLWHQJHVHOOVFKDIWOLFKHQ'LVNXUV]XI|UGHUQ6RHPSILHKOWGLHVFKZHL]HULVFKH(WKLNNRPPLVVLRQ
HLQH LQWHQVLYH NULWLVFKHRIIHQHXQG WUDQVSDUHQWHJHVHOOVFKDIWOLFKH'HEDWWHGLHDXIP|JOLFKVW
JUXQGOHJHQGHU(EHQHJHIKUWZHUGHQVROOWHXQGGLH5HFKWIHUWLJXQJVRZLHGLH5HLFKZHLWHGHV
JHOWHQGHQ9HUERWVYRQ.HLPEDKQHLQJULIIHQWKHPDWLVLHUHQVROOWH'LH+LQ[WRQ*URXSHPSILHKOWLQ
%H]XJ DXI *RYHUQDQFH XQG |IIHQWOLFKHV (QJDJHPHQW HEHQVR HLQHQ LQNOXVLYHQ GHOLEHUDWLYHQ
'LVNXUV$XVVHUGHPHUJHKWDQ+HUDXVJHEHULQQHQXQG+HUDXVJHEHUZLVVHQVFKDIWOLFKHU-RXUQD
OH GLH )RUGHUXQJ IU KRKH6WDQGDUGV LKUHU 3XEOLNDWLRQHQ ]X VRUJHQ EHLVSLHOVZHLVH N|QQWHQ
YRQGHQ%HLWUDJHQGHQKLQVLFKWOLFKKLHVLJHU*HVHW]HXQG5HJXODULHQDXINOlUHQGH6WHOOXQJQDK
PHQ JHIRUGHUW ZHUGHQ XQG JHJHEHQHQIDOOV DXFK GXUFK (WKLNNRPPLVVLRQHQ YHUIDVVWH 3UIEH
ULFKWH'DV($6$& IRUGHUW LQ GLHVHP=XVDPPHQKDQJ GDVV:LVVHQVFKDIWOHULQQHQ XQG:LV
VHQVFKDIWOHU LKUH =LHOYRUJDEHQ NODU XQG GHXWOLFK DUWLNXOLHUHQ 'DUEHU KLQDXV VHLHQ VR]LRORJL
VFKHXQGDQGHUHJHLVWHVZLVVHQVFKDIWOLFKH)RUVFKXQJHQQRWZHQGLJXPGDV|IIHQWOLFKH(QJD
JHPHQW]XYHUEHVVHUQ3ROLWLVFKH(QWVFKHLGXQJVWUlJHULQQHQXQG(QWVFKHLGXQJVWUlJHUZHUGHQ






















JHQRPHHGLWLQJ LQ WKH IXWXUH LQDPDQQHU WKDW VDIHJXDUGVFULWLFDOPRUDO YDOXHV HJHTXDOLW\
UHVSHFW IRU GLYHUVLW\ DOOHYLDWLRQ RI VXIIHULQJ DQG OLPLWV WKH QHJDWLYH VLGH HIIHFWV DVPXFK DV
SRVVLEOHªHEG6
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ

'LH 1DWLRQDO$FDGHPLHV IRUGHUQ YRQ GHQ SROLWLVFK 9HUDQWZRUWOLFKHQ 7UDQVSDUHQ] /HJLWLPLWlW
XQG*HVWDOWXQJGHV|IIHQWOLFKHQ'LVNXUVHV]X I|UGHUQ'LHgIIHQWOLFKNHLW VROOWH LQGLH'HEDWWH






XQG GLH 'XUFKIKUXQJ PVVWH YRQ HLQHU IRUWGDXHUQGHQ .RQWUROOH PLW |IIHQWOLFKHU %HWHLOLJXQJ
E]Z]XUHLFKHQGHU,QIRUPDWLRQEHJOHLWHWZHUGHQ$XFKEHLGHU)HVWOHJXQJYRQ5HJHOXQJHQ]X







$OV 6WDNHKROGHUZHUGHQ VRZRKOPHGL]LQLVFKH XQGZLVVHQVFKDIWOLFKH&RPPXQLWLHV JHQDQQW DOV
DXFK (LQ]HOSHUVRQHQ XQG )DPLOLHQ GLH (UIDKUXQJHQPLW JHQHWLVFK EHGLQJWHQ .UDQNKHLWHQ JH









]RJHQ ZHUGHQ GLH P|JOLFKHUZHLVH LQ HLQH 3RVLWLRQ YHUVHW]W ZHUGHQ GLH GXUFK 8QJOHLFKKHLW
RGHUHUK|KWH9XOQHUDELOLWlWJHNHQQ]HLFKQHW LVW ,Q LKUHPHUVWHQ%HULFKWHPSIHKOHQGLH$XWRULQ
QHQXQG$XWRUHQGDKHUGDVVGLHgIIHQWOLFKNHLWPLWGHPZLVVHQVFKDIWOLFKHQ)RUWVFKULWWYHUWUDXW
JHPDFKW ZHUGHQ VROOWH 'LHQOLFK ZlUH LQ GLHVHP =XVDPPHQKDQJ DXFK ZHQQ ZLVVHQVFKDIW
OLFKHV:LVVHQDOV |IIHQWOLFKHV*XW ]XJlQJOLFK JHPDFKWZUGH 1XIILHOG&RXQFLO RQ%LRHWKLFV
6(VVHLDXFKGLH'LVNXUVYLHOIDOW]XZDKUHQE]Z]XHWDEOLHUHQXQGIU7UDQVSDUHQ]
LQGHU)RUVFKXQJXQGGHU'HEDWWH]XVRUJHQDXFKLP%OLFNDXIGLHHWKLVFKH5HFKWIHUWLJXQJGHU
)RUVFKXQJ 'LH %HWHLOLJXQJ GHU gIIHQWOLFKNHLW DP 'LVNXUV PVVH DXFK GHVZHJHQ JHI|UGHUW
ZHUGHQZHLOLQ]ZHLHUOHL+LQVLFKW|IIHQWOLFKHV,QWHUHVVHDQ*HQRPH(GLWLQJEHVWHKW]XPHLQHQ
LQ%H]XJDXIGDV©6R]LDOLQYHVWPHQWªLQ)RUVFKXQJXQG,QQRYDWLRQ]XPDQGHUHQDXIJUXQGGHV









$XIIDOOHQG EHL YLHOHQ 6WHOOXQJQDKPHQ LVW GLH JHlXVVHUWH )RUGHUXQJ QDFK HLQHP0RUDWRULXP
ZREHLHLQHJHQDXHUH$QDO\VH]HLJWGDVVHVYLHOHXQWHUVFKLHGOLFKH)RUPHQYRQ0RUDWRULXPV






)RUGHUXQJ QDFK HLQHP0RUDWRULXP IU .HLPEDKQ([SHULPHQWH 'LH =HLW GHV0RUDWR





















GLVFKH )RUWHQWZLFNOXQJ XQG GDPLW GLH DXVVLFKWVUHLFKHQ QHXHQ (LQVDW]P|JOLFKNHLWHQ




















ZDQGWHU )RUVFKXQJZLUG YRQPDQFKHQ0LWJOLHGHUQ DXVVHUGHPHLQ0RUDWRULXPJHIRUGHUW GDV









1RWZHQGLJNHLW HLQHV 0RUDWRULXPV YRQ .HLPEDKQHLQJULIIHQ ]XP JHJHQZlUWLJHQ =HLW
SXQNW XP LQVEHVRQGHUHPHGL]LQLVFKH 5LVLNHQ XQG HWKLVFKH )UDJHQ ZHLWHU ]X NOlUHQ
XQGEHUGHQYHUDQWZRUWEDUHQ(LQVDW]GHVJHQHHGLWLQJDQ(PEU\RQHQQDFK]XGHQNHQ
6FKOLHVVOLFKZLOOHLQZHLWHUHU7HLOGHU.RPPLVVLRQGLH*UXQGODJHQIRUVFKXQJDQGHUHP







QHWLVFKHQ (LQJULIIH LP /LFKWH GHU ]XQHKPHQGHQ ZLVVHQVFKDIWOLFKHQ (UNHQQWQLVVH ]X XQWHU
VXFKHQXQGDXFKYRUELOGOLFKH3UDNWLNHQE]ZZHLWHUJHKHQGH5HJXOLHUXQJHQ]XHQWZLFNHOQ6R

















lQGHUQGH(LQJULIIH GLH HQWZHGHU DXI GDV:RKOHUJHKHQ GHU ]XNQIWLJHQ3HUVRQ RGHU DXI GLH
UHSURGXNWLYH$XWRQRPLHGHU0HQVFKHQPLW.LQGHUZXQVFK]LHOHQVLQGDXVVHUGHPVWHWVLQHLQHU







©$FURVV MXULVGLFWLRQV WKH UHJXODWLRQ RI KXPDQ HPEU\R DQGRU JHUPOLQH PDQLSXODWLRQ
FRXOGEHFDWHJRUL]HGDVUHVWULFWLYHLQWHUPHGLDWHDQGSHUPLVVLYH8QGHUWKHUHVWULFWLYH
DSSURDFKZLGHUDQJLQJSURKLELWLRQVRUPRUDWRULD WRDFWLYLWLHVFDUULHGRXW LQDKXPDQ
HPEU\R RU JHUP FHOO DUH DGRSWHG ,Q FRQWUDVW WKH LQWHUPHGLDWH DQG SHUPLVVLYH DS
SURDFKHVDOORZ VRPHGHJUHHRI UHVHDUFKDQG FOLQLFDO DFWLYLWLHV WR EH FDUULHG RXW DOW
KRXJKZLWKOLPLWDWLRQVDQGRYHUVLJKWLQSODFHIRUUHVHDUFKDFWLYLWLHVOLQNHGWRUHSURGXF




















WR UHLQIRUFH WKHZHDNHQHGGLVWLQFWLRQEHWZHHQ UHVHDUFKDQGDSSOLFDWLRQ WRSURYLGHD
FLUFXPYDOODWHGVSDFHIRU IUHHVFLHQWLILF LQTXLU\$PRQJFHUWDLQ OHDGLQJUHVHDUFKHUV ID




FRPH HPEOHPDWLF LQ WKH GHEDWH DERXW UHJXODWLRQ7KH FDOOV IRU D ½VHFRQG$VLORPDU¾
KRZHYHUKDYHGUDZQFULWLFLVP>«@ªHEG
.ULWLVFKDQHLQHP©]ZHLWHQ$VLORPDUªZLUGJHVHKHQGDVVGLHKHXWLJHQWHFKQRORJLVFKHQ0|J

















UHLFKHQG VLFKHUH XQG HIIHNWLYH:LUNXQJ GHV (LQJULIIV LQ DOOHQ DQJHVWHXHUWHQ =HOOHQ GHV VLFK
HQWZLFNHOQGHQ2UJDQLVPXV ]X JHZlKUOHLVWHQª HEG$QGHUHUVHLWVZLUG XQWHU DQGHUHP XQWHU
5FNJULIIDXIGLHHLJHQH$GKRF(PSIHKOXQJ 'HXWVFKHU(WKLNUDW'(5EHLQJUXQGVlW]
OLFKHU HWKLVFKHU XQG JHVHOOVFKDIWOLFKHU.OlUXQJVEHGDUI IHVWJHVWHOOW GHU LQ GLH )RUGHUXQJ QDFK
HLQHPJOREDOHQ'LVNXUVXQGQDFKLQWHUQDWLRQDOHQ5HJXOLHUXQJHQPQGHW
'DVV GLH ZLVVHQVFKDIWOLFKH *HPHLQVFKDIW GHQ YRUJHQRPPHQHQ .HLPEDKQHLQJULIIHQ YRQ +H
DEOHKQHQGJHJHQEHUVWHKWOlVVWVLFKDXFKDXVGHQGDYRUSXEOL]LHUWHQ6WHOOXQJQDKPHQLPSOL]LW







QLFKW ]X YHUDQWZRUWHQ QRFK GHXWOLFKHU (V PXVV ]XHUVW HLQH SULQ]LSLHOOH 'LVNXVVLRQ GDUEHU
JHIKUWZHUGHQ RE.HLPEDKQHLQJULIIH JUXQGVlW]OLFK HUZQVFKW VHLHQ$Q GHU7DWVDFKH GDVV
GLH=HLW IUGLHSUDNWLVFKH'XUFKIKUXQJDXI NHLQHQ)DOO UHLI VHL EHVWHKW NHLQ=ZHLIHO %%$:
6




VFKlW]XQJ GXUFKDXV JHPLVFKWHU GDU ,P1DFKJDQJ ]X GHU 9HU|IIHQWOLFKXQJ GHV HUIROJUHLFKHQ
.HLPEDKQHLQJULIIHVKDEHQVRZRKOGLH5LFH8QLYHUVLW\DOVDXFKGLH6WDQIRUG8QLYHUVLW\IRUPDOH
8QWHUVXFKXQJHQJHJHQEHUHLQLJHQLKUHU)RUVFKHUHLQJHOHLWHWGLHPLW+HLQGHU9HUJDQJHQKHLW
]XVDPPHQJHDUEHLWHW XQG SXEOL]LHUW KDEHQ 9RQ PLQGHVWHQV DFKW DPHULNDQLVFKHQ :LVVHQ
VFKDIWOHUQ LVWEHNDQQWGDVVVLH0RQDWHYRUGHU9HU|IIHQWOLFKXQJYRQ+HV)RUVFKXQJJHZXVVW
KDEHQGLHVMHGRFKLQNHLQHU)RUPEHNDQQWJHPDFKWKDEHQ6KDQNV3HWH6KDQNVEH
VFKUHLEW ]XVDPPHQIDVVHQG GLH 'HEDWWH GLH +HV )RUVFKXQJ IROJWH DOV GHXWOLFK JHSUlJW YRQ
HLQHU GHU.HLPEDKQLQWHUYHQWLRQJHJHQEHU DXIJHVFKORVVHQHQ*UXQGVWLPPXQJ$PGHXWOLFKV
WHQZLUGGLHVLQGHQEHLGHQLPNew England Journal of MedicineSXEOL]LHUWHQ$UWLNHOQYRQ$OWD
&KDURXQG*HRUJH'DOH\HWDO&KDURV,QWHUHVVHJLOWGHP8PJDQJPLW©6FKXU
NHQZLVVHQVFKDIWOHUQª ©URJXH VFLHQWLVWVª*OHLFK]HLWLJ YHUIROJW VLH GDV=LHO HLQHQ UHJXODWRUL
VFKHQ 5DKPHQ IU .HLPEDKQLQWHUYHQWLRQHQ ]X VFKDIIHQ GLH XQWHU EHVWLPPWHQ 8PVWlQGHQ
HWKLVFK OHJLWLPVHLHQ'DOH\HWDO LGHQWLIL]LHUHQHLQHQHWKLVFKHQ)RUWVFKULWW LQGHP6LQQGDVV
HLQH (LQLJNHLW LQ GHU$EOHKQXQJ GHU .HLPEDKQLQWHUYHQWLRQ ]XP MHW]LJHQ =HLWSXQNW KHUJHVWHOOW

































VFKZlFKWZHUGHQ1HEHQ GHQ EHUHLWV JHQDQQWHQ5HYHUVDO'ULYHV'DLV\'ULYHV RGHU0HGHD
'ULYHVILQGHQVLFKLP%HULFKWGHV1XIILHOG&RXQFLOHWZD,PPXQL]LQJ'ULYHVGLHGDQQHLQJHVHW]W
ZHUGHQ N|QQWHQ ZHQQ GLH$XVEUHLWXQJ YRQ XQHUZQVFKWHQ *HQH 'ULYHV YHUKLQGHUW ZHUGHQ
VROORGHU3UHFLVLRQ'ULYHVGLHDXIVSH]LILVFKH'1$6HTXHQ]HQZLUNHQZRGXUFKQXUEHVWLPPWH
6SH]LHV RGHU DXVJHZlKOWH 7HLOH HLQHU 3RSXODWLRQ YRQ GHU *HQH 'ULYH7HFKQRORJLH EHWURIIHQ
ZlUHQ $XVVHUGHP ZHUGHQ 6HQVLWL]LQJ 'ULYHV DQJHIKUW GLH HLQHQ =LHORUJDQLVPXV DXI EH
VWLPPWH&KHPLNDOLHQ LQ VHLQHU8PZHOW VHQVLEHOPDFKHQN|QQWHQ'LHVHU=XJDQJ ULFKWHW VLFK



































GDPLW QDFK XQG QDFK YHUEHVVHUW ZHUGHQ XQWHU DQGHUHP LQ GHQ %HUHLFKHQ GHU 0ROH
NXODUELRORJLHGHU3RSXODWLRQVJHQHWLNXQGGHU(YROXWLRQVELRORJLH
x $XVVHUGHPVROOWHQGLHZLVVHQVFKDIWOLFKHQ(UJHEQLVVHXQG0HWKRGHQ|IIHQWOLFK]XJlQJOLFK
JHPDFKW ZHUGHQ GDPLW GHU :LVVHQVVWDQG ]X *HQH 'ULYHV EHVVHU JHWHLOW ZHUGHQ NDQQ
'DGXUFKN|QQHQGLH5LVLNRDEVFKlW]XQJGLH)RUVFKXQJVYRUKDEHQVRZLHGLHQ|WLJHQ6WDQ
GDUGV]XUhEHUZDFKXQJE]Z.RQWUROOHYRQ*HQH'ULYHVEHVVHUHWDEOLHUWZHUGHQ
x ,Q%H]XJDXI GLH JHVHOOVFKDIWOLFKH%HXUWHLOXQJ VLQG YRU DOOHPGLH6FKOVVHOPHUNPDOH GHU
7HFKQRORJLH ]X EHWUDFKWHQ GDV KHLVVW GLH LQWHQGLHUWH $XVEUHLWXQJ YRQ *HQH 'ULYH2U
JDQLVPHQXQGGLHSRWHQ]LHOOH ,UUHYHUVLELOLWlWKLQVLFKWOLFKGHU)ROJHQ IUGLH8PZHOW'LHVH
EHVRQGHUHQ 0HUNPDOH YRQ *HQH 'ULYHV VROOWHQ DXFK IU GLH |NRORJLVFKH 5LVLNR
DEVFKlW]XQJ GDV|IIHQWOLFKH(QJDJHPHQW GLHhEHUDUEHLWXQJ YRQ5HJXOLHUXQJHQXQG IU
SROLWLVFKH(QWVFKHLGXQJVSUR]HVVHDOVJUXQGOHJHQGHUDFKWHWZHUGHQ
x *HHLJQHWH2UWHIU)HOGXQG)UHLVHW]XQJVYHUVXFKHVROOWHQLP$XVJDQJYRQZLVVHQVFKDIW
OLFKHU (LQVFKlW]XQJ GHU 0DFKEDUNHLW GHU 5LVLNRDEVFKlW]XQJ XQG GHU0|JOLFKNHLW |IIHQW
OLFKHU3DUWL]LSDWLRQDXVJHZlKOWZHUGHQ'DEHLVLQGMHQH/lQGHU]XEHYRU]XJHQGLHEHUHLWV
YRUKDQGHQH ZLVVHQVFKDIWOLFKH .DSD]LWlWHQ XQG UHJXODWRULVFKH 5DKPHQZHUNH DXIZHLVHQ
GDPLW*HQH'ULYHVHQWVSUHFKHQGGHQ6LFKHUKHLWVVWDQGDUGVHUIRUVFKWZHUGHQN|QQHQ
$XFK LQ LKUHP %HULFKW YRQ  NRPPHQ GLH 1DWLRQDO $FDGHPLHV DXI GDV *HQH 'ULYH
9HUIDKUHQ]XVSUHFKHQ'LH$XWRULQQHQXQG$XWRUHQVLQGGDULQGHU0HLQXQJGDVVVLFK*HQH
'ULYHVEHL6lXJHWLHUHQ]ZDUQLFKWZLHEHLGHQZHLWEHVVHUHUIRUVFKWHQ,QVHNWHQHWZD0RVNLWRV
YHUKDOWHQ'RFK VLH VDJHQ ©+RZHYHU JLYHQ WKH HIILFLHQF\ RI JHQRPH HGLWLQJ LQPDPPDOLDQ
HPEU\RV LW LVSRVVLEOH LIQRW OLNHO\ WKDW WKHXQGHUO\LQJJHQHGULYHPHFKDQLVPVZRXOGDOVREH





GULYH DSSOLFDWLRQ LQ WKH KXPDQ VSHFLHV ZRXOG UHTXLUH DQ LQRUGLQDWH QXPEHUV RI \HDUV DQG
VHHPVLQFRQFHLYDEOHªHEG
 )D]LW






WHUJUQGH XQG QDWLRQDOH 5HFKWVODJHQ XQWHUVFKLHGOLFKH LQWHUGLV]LSOLQlUH =XVFKQLWWH XQG HLQH
0HKU]DKO YRQ 6WLOHQ HWKLVFKHU 8UWHLOVELOGXQJ ]XP7UDJHQ 'D YLHOH GHU 6WHOOXQJQDKPHQ YRQ
(WKLNJUHPLHQXQG ,QVWLWXWLRQHQ YHUIDVVWZXUGHQ ]X GHUHQ$XIJDEHQDXFK3ROLWLNEHUDWXQJJH
K|UWHUP|JOLFKWGLHVQLFKWQXUHLQH$QDO\VHGHVHWKLVFKHQ'LVNXUVHVVRQGHUQDXFKHLQH$QDO\
VHHUVWHU'HEDWWHQXP5HJXODWLRQHQXQGQHXDQVWHKHQGHUHFKWOLFKH)HVWVFKUHLEXQJHQ
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ
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WDWVlFKOLFK (UIROJ YHUVSUHFKHQG VLQG EHZHJW VLFK GHU HWKLVFKH 'LVNXUV LQ HLQHP K\SRWKHWL
VFKHQ5DXPLQGHPbQJVWH)XUFKWXQG+RIIQXQJHQHLQHQJURVVHQ3ODW]HLQQHKPHQ'LH6WHO
OXQJQDKPHQ YDULLHUHQ LP $OOJHPHLQHQ GLHVEH]JOLFK ]ZLVFKHQ HLQHP JUXQGVlW]OLFKHQ IRU
VFKXQJVVNHSWLVFKHQ3ULQ]LSGHU9RUVLFKWDQJHVLFKWVGHU8QJHZLVVKHLWDEHUDXFK,UUHYHUVLELOLWlW




UDSLH XQG (QKDQFHPHQW DQGHUHUVHLWV ODVVHQ VLFK YLHU +DQGOXQJVW\SHQ XQWHUVFKHLGHQ VLHKH
$EE6HLWH,QGHQDQDO\VLHUWHQ6WHOOXQJQDKPHQ]HLJWVLFKLP(LQNODQJPLWELVKHULJHQ
'HEDWWHQ GLH JUXQGVlW]OLFKH 8QWHUVFKHLGXQJ LQ GHU %HZHUWXQJ ]ZLVFKHQ VRPDWLVFKHQ XQG
.HLPEDKQHLQJULIIHQ 6RPDWLVFKH (LQJULIIH GLH ]XU +HLOXQJ YRQ .UDQNKHLWHQ XQWHUQRPPHQ
ZHUGHQZHUGHQ HWKLVFK DOOJHPHLQ SRVLWLY EHZHUWHW ZHQQ HLQH XPIDVVHQGH5LVLNRDEZlJXQJ
YRUJHQRPPHQ ZXUGH 8QXPVWULWWHQ LVW EH]JOLFK .HLPEDKQHLQJULIIHQ GDVV HV ]XP MHW]LJHQ
=HLWSXQNWQLFKWHWKLVFKYHUDQWZRUWEDU LVWGLHVH LP.RQWH[WYRQ3URMHNWHQGHU(OWHUQVFKDIWDQ
]XZHQGHQ'DUEHUKLQDXVEHVWHKWMHGRFKZHLWJHKHQG8QHLQLJNHLW'LH3RVLWLRQHQUHLFKHQYRQ





]HSWHV HLQHU1RUPE]Z YRQ1RUPDOLWlW KLQJHZLHVHQ =XGHPZHUGHQ YLHOH*UDXEHUHLFKHEH
VFKULHEHQXQG3UREOHPHGHU=LHKXQJHLQHU*UHQ]OLQLHDUWLNXOLHUW7URW]GHU6FKZLHULJNHLWHLQHU
NODUHQXQGHLQGHXWLJHQ*UHQ]]LHKXQJEOHLEWXQXPVWULWWHQGDVVJHQHWLVFKH,QWHUYHQWLRQHQGLH
GHU +HLOXQJ HLQHU .UDQNKHLW GLHQHQ HLQH JU|VVHUH HWKLVFKH /HJLWLPLWlW KDEHQ DOV LQ YHUEHV
VHUQGHU$EVLFKWXQWHUQRPPHQH(LQJULIIH2E3UlYHQWLRQHKHUDXIGLH6HLWHGHU7KHUDSLHRGHU
GHV(QKDQFHPHQW IlOOW RGHU RE HV QRWZHQGLJ LVW LQ GLHVHU+LQVLFKW XQWHUVFKLHGOLFKH )RUPHQ
RGHU5HLFKZHLWHQYRQ3UlYHQWLRQJHJHQHLQDQGHUDE]XKHEHQZLUG]ZDUJHOHJHQWOLFKDQJHVSUR
FKHQDOOHUGLQJVRKQHNODUHV9RWXP






]LWHQ XQG H[SOL]LWHQ 0RUDWRULHQIRUGHUXQJHQ ]X XQWHUVFKHLGHQ ,PSOL]LWH )RUGHUXQJHQ QHQQHQ
GDV6WLFKZRUW0RUDWRULXPQLFKWJHEHQDEHUHLQH%HJUQGXQJIUGLH)RUGHUXQJHLQHV0RUDWR
ULXPVLQGHPDUJXPHQWLHUWZLUGGDVVHLQH=HLWVSDQQHHUIRUGHUOLFKLVWXPEHVWLPPWH.OlUXQJHQ
]X WUHIIHQ 6ROFKH .OlUXQJHQ N|QQHQ VLFK DXI EHVWLPPWH WHFKQLVFKH RGHU NOLQLVFKH 5LVLNHQ
DEHUDXFKDXIQRUPDWLYH8QVLFKHUKHLWHQEH]LHKHQ(WZDVYDJHEOHLEWMHZHLOVREGDV0RUDWRUL
XPEHJUHQ]WLVWE]ZREHLQHEHVWLPPWH=HLWVSDQQHIHVWJHOHJWZHUGHQVROOWHGLHJHQXW]WZHU
GHQ NDQQ XP GLH QRFK EHVWHKHQGHQ 5LVLNHQ XQG 3UREOHPODJHQ KLQUHLFKHQG ]X EHDUEHLWHQ





















GHU'LVNXUV]HLW IU GLH MHZHLOLJHQ JHVHOOVFKDIWOLFKHQ5HJXOLHUXQJVSUR]HVVH KLQJHZLHVHQ:HLO
GLH=HLWIUGLHbQGHUXQJHLQHVJHVHW]OLFKHQ5DKPHQVIUGLH.HLPEDKQLQWHUYHQWLRQVRODQJLVW
XQG GDV*XW GHV:XQVFKHV QDFK ELRORJLVFK HLJHQHQ JHVXQGHQ.LQGHUQP|JOLFKHUZHLVH VR
KRFKHLQ]XVFKlW]HQ LVW GDVV VHLQ$XIVFKXEHLQ VFKZHUZLHJHQGHVPRUDOLVFKHV3UREOHPGDU
VWHOOWPXVVGHP1XIILHOG&RXQFLO]XIROJHGLHHUVWH'LVNXVVLRQVSKDVHJHQXW]WZHUGHQXPHLQHQ
'LVNXUVEHUGLH$XIKHEXQJGHV9HUERWV]X IKUHQ'LH7ULDJHQLPPWDOVR*WHUKLHUDUFKLVLH
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ZXUGHQ LQ GHQ86$ EHU HLQH0LOOLDUGH'ROODU DXV SULYDWHU +DQG LQ 86DPHULNDQLVFKH
6WDUWXSVLQYHVWLHUWGLHVLFKPLW*HQRPH(GLWLQJ±PHLVWHQVPLW&5,635&D±EHIDVVHQ%UL




LVW EHPHUNHQVZHUW EHGHQNW PDQ GDVV GDV HUVWH 3DWHQW IU GLH 1XW]XQJ GHU &5,635





LQGXVWULHZLH DXFK%LRWHFKQRORJLHILUPHQ KDEHQ EHUHLWV NRQNUHWH3URGXNWH XQG$QZHQGXQJHQ
SDWHQWLHUHQODVVHQGLHDXIGLHVHU0HWKRGHEDVLHUHQYDQ(USHWDO,QGHU6FKZHL]EH
VWHKHQEHUHLWV8QWHUQHKPHQZHOFKHGLH$QZHQGXQJXQG:HLWHUHQWZLFNOXQJYRQ*HQRPH(GL
WLQJ IU ZLUWVFKDIWOLFKH =ZHFNH YHUIROJHQ (LQHUVHLWV ]HLJHQ EHVWHKHQGH 3KDUPD]LHXQWHUQHK
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ

PHQ ,QWHUHVVH DQ*HQRPH(GLWLQJ1RYDUWLV NRRSHULHUW EHUHLWVPLWPHKUHUHQ%LRWHFKQRORJLH




7URW] GHV ZLUWVFKDIWOLFKHQ ,QWHUHVVHV DQ *HQRPH (GLWLQJ JLEW HV ELVKHU QXU ZHQLJH ZLVVHQ
VFKDIWOLFKH$EVFKlW]XQJHQGHUP|JOLFKHQXQG WDWVlFKOLFKHQ|NRQRPLVFKHQ$XVZLUNXQJHQGHU
7HFKQRORJLH 9HUHLQ]HOWH $XVQDKPHQ VLQG %HULFKWH YRQ 0DUNWIRUVFKXQJVLQVWLWXWHQ GLH GHQ
ZHOWZHLWHQ0DUNWZHUWYRQ*HQRPH(GLWLQJIUGLHNRPPHQGHQ-DKUHYRUKHUVDJHQ*UDQG9LHZ




(GLWLQJ IU VFKZHL]HULVFKH 8QWHUQHKPHQ YRU =HQWUDOHV =LHO LVW HV .HQQWQLVVH (UZDUWXQJHQ
XQG3OlQHUHOHYDQWHU6FKZHL]HU8QWHUQHKPHQLQ%H]XJDXIGHQ(LQVDW]YRQ*HQRPH(GLWLQJ
VRZLH GHVVHQP|JOLFKH$XVZLUNXQJHQ]X LGHQWLIL]LHUHQ5HOHYDQWH8QWHUQHKPHQ VLQG VRZRKO


























































'RSSHOXQJHQ HQWIHUQW 'DGXUFK XQG GXUFK GLH 1LFKWEHUFNVLFKWLJXQJ YRQ8QWHUQHKPHQ YRQ
GHQHQNHLQH.RQWDNWGDWHQYRUKDQGHQZDUHQHUJDEVLFKHLQH/LVWHPLW8QWHUQHKPHQGLH






JHQ 'LH JHVFKORVVHQHQ (LQVFKlW]XQJVIUDJHQ ZXUGHQ JHZlKOW GDPLW 8QWHUQHKPHQ EHVVHU
YHUJOLFKHQZHUGHQN|QQHQXQGGDPLW LQ GHQYHUVFKLHGHQHQ%UDQFKHQ 3KDUPD]LH$JUDUZLUW
VFKDIW7HQGHQ]HQVLFKWEDUZHUGHQ%HLVSLHOVZHLVHZXUGHDOOJHPHLQQDFKGHQ$XVZLUNXQJHQ
YRQ*HQRPH(GLWLQJDXIGLH$Q]DKODQ9ROO]HLWDUEHLWVSOlW]HQDXIGHQ8PVDW]RGHUGHQ*HZLQQ















GH EHL GHU )UDJHERJHQHUVWHOOXQJ GDYRQ DXVJHJDQJHQ GDVV *HQRPH (GLWLQJ GHU]HLW QXU LQ
ZHQLJHQ 8QWHUQHKPHQ DQJHZDQGW ZLUG 'DKHU ZXUGHQ GLH 8QWHUQHKPHQ DXFK ]X LKUHU (LQ
VFKlW]XQJ KLQVLFKWOLFK ]XNQIWLJHU $XVZLUNXQJHQ YRQ *HQRPH (GLWLQJ DXI LKU 8QWHUQHKPHQ
EHIUDJW'DKHU NRQQWHQDXFK8QWHUQHKPHQDQGHU8PIUDJH WHLOQHKPHQGLH*HQRPH(GLWLQJ








 Awareness und Anwendung:'LHVHU7KHPHQEORFNEHKDQGHOWIROJHQGH)UDJHQ







 Relevanz und Auswirkung von Genome Editing:+LHU VWDQGGLH(LQVFKlW]XQJ]X
NQIWLJHU$XVZLUNXQJHQYRQ*HQRPH(GLWLQJDXIGDV8QWHUQHKPHQLP0LWWHOSXQNW
,QZLHIHUQ*HQRPH(GLWLQJ DXI |NRQRPLVFKH$VSHNWH GHV8QWHUQHKPHQV(LQIOXVV
KDEHQN|QQWHZXUGHDQKDQGYRQ)UDJHQ]X$UEHLWVSOlW]HQ8PVDW]XQG*HZLQQ
YHUVXFKW]XHUIDKUHQ
 Einschätzung von Rahmenbedingungen für den Einsatz von Genome Editing: ,Q







QRWZHQGLJHUZHLVH JHQDX LQ GLHVHU )RUP JHVWHOOW VRQGHUQPHLVWHQV DQKDQGPHKUHUHU DXVGLIIHUHQ]LHUWHU )UDJHQ EH
KDQGHOW








VR JHVWDOWHW GDVV GDV 3URMHNWWHDP QLFKW UFNYHUIROJHQ NRQQWH ZHOFKH8QWHUQHKPHQZHOFKH




'DUVWHOOXQJ GHU (UJHEQLVVH ZXUGH GHU :DKUXQJ GHU$QRQ\PLWlW GHU %HIUDJWHQ XQG GHU %H
WULHEVJHKHLPQLVVHJURVVHU:HUW]XJHVFKULHEHQ
6RIHUQP|JOLFK LGHQWLIL]LHUWHGDV)RUVFKXQJVWHDPYRU9HUVDQGGHU)UDJHERJHQLQGHQ8QWHU
















 Unternehmen als schwer zu befragende Population:(LQ]HQWUDOHV3UREOHPLQGHU
.RQWDNWDXIQDKPH PLW GHQ 8QWHUQHKPHQ ZDU GLH ,GHQWLILNDWLRQ GHU ULFKWLJHQ $Q
VSUHFKSHUVRQ1XUEHLGHU8QWHUQHKPHQNRQQWHQLP9RUKLQHLQNRQNUHWH$Q
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ

9HUZHQGXQJ YRQ *HQRPH (GLWLQJ LP 8QWHUQHKPHQ GHWDLOOLHUWH $XVNXQIW JHEHQ
NRQQWHQ%HLGHQEULJHQ8QWHUQHKPHQZXUGHGLH8PIUDJHEHUZLHJHQGDQDOOJH
PHLQH .RQWDNWDGUHVVHQ JHVHQGHW ,Q ZHLWHUHU )ROJH ILHO VRZRKO EHL GHQ .RU
UHVSRQGHQ]HQ DOV DXFK EHL GHQ 7HOHIRQDWHQ DXI GDVV GLH DP EHVWHQ JHHLJQHWH
3HUVRQ IU GLH %HDQWZRUWXQJ GHU 8PIUDJH QLFKW QXU YRQ DXVVHQ VRQGHUQ DXFK
LQQHUKDOE GHV 8QWHUQHKPHQV QXU VFKZHU ]X EHVWLPPHQ LVW ,P *HVSUlFK PLW
0LWDUEHLWHQGHQ GHU8QWHUQHKPHQ ILHOPHKUPDOV GHU VLQQJHPlVVH 6DW] ©/HLGHU
ZHLVVLFKQLFKWZHUDPEHVWHQJHHLJQHWLVWXPGLHVHQ)UDJHERJHQDXV]XIOOHQª
'LHVHV3UREOHP]HLJWHVLFKLQVEHVRQGHUHEHLPLWWOHUHQXQGJURVVHQ8QWHUQHKPHQ
 Spezifität des Themas, Nichtbetroffenheit und fehlende Expertise: ,P.RQWDNWPLW
GHQ YHUVFKLHGHQHQ 8QWHUQHKPHQ VWHOOWH VLFK GLH 6SH]LILWlW GHV 7KHPDV DOV






















GDVHLJHQH8QWHUQHKPHQEHZHUWHQ YDULLHUW VWDUN'RFK WURW]GHUXQWHUVFKLHGOLFKHQ(LQVFKlW
]XQJHQZXUGHQ JHZLVVH1DUUDWLYH XQG7KHPHQ YRQPHKUHUHQ8QWHUQHKPHQ LQ lKQOLFKHU$UW
XQG :HLVH DXIJHEUDFKW ,P )ROJHQGHQ ZHUGHQ GLH ZLFKWLJVWHQ 7KHPHQ EHVFKULHEHQ $E
VFKOLHVVHQGZHUGHQGLHZLFKWLJVWHQ(UNHQQWQLVVH ]XVDPPHQJHIDVVW XQGHLQ$XVEOLFNDXI GLH
|NRQRPLVFKHQ3RWHQ]LDOHYRQ*HQRPH(GLWLQJIU6FKZHL]HU8QWHUQHKPHQJHJHEHQ










ZDUXPVLH*HQRPH(GLWLQJGHU]HLW QLFKW YHUZHQGHQ(LQLJH YHUZLHVHQDXIPDQJHOQGH.XQGLQ
QHQXQG.XQGHQDN]HSWDQ]±ZLH LP)ROJHQGHQZHLWHUDXVJHIKUWZLUG±XQGGLHXQJQVWLJHQ













WXQJVPHWKRGHQ DXVUHLFKHQG RGHU VRJDU EHVVHU ]XU (UUHLFKXQJ GHU YRQ LKQHQ JHZQVFKWHQ
=LHOHJHHLJQHWVHLHQ
 'LHJHVHOOVFKDIWOLFKH$N]HSWDQ]DOV]HQWUDOHU$VSHNW
«Die grosse Unsicherheit ist die Frage nach der gesellschaftlichen Akzeptanz […].»
8QWHUQHKPHQ




















PLWWHOQ GLHPLW*HQRPH(GLWLQJ KHUJHVWHOOW ZXUGHQ ]% ,VKLL 	$UDNL E6KHZ1DOOH\ 6QHOO1D\JD	'L[RQ
,QGHU6FKZHL]VHOEVWJLEWHVNDXPVWDWLVWLVFKH(UKHEXQJHQGLHGDEHLKHOIHQN|QQWHQGLHJHVHOOVFKDIWOLFKH$N
]HSWDQ] YRQ*HQRPH(GLWLQJ LQ GHU DOOJHPHLQHQ6FKZHL]HU %HY|ONHUXQJ HLQ]XVFKlW]HQ 9HUHLQ]HOWH 6WXGLHQ KDEHQ
VLFKPLWGHU$N]HSWDQ]YRQ*92LQVSH]LILVFKHQ.RQWH[WHQDXVHLQDQGHUJHVHW]WVRZLHHLQHHWZDVlOWHUH6WXGLHGLH
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gNRQRPLVFKH,PSOLNDWLRQHQYRQ*HQRPH(GLWLQJHLQHH[SORUDWLYH8QWHUQHKPHQVEHIUDJXQJ 
























XQJHZLVVH 3RWHQ]LDO YRQ *HQRPH (GLWLQJ IU 8QWHUQHKPHQ DEHU DXFK GLH GHU]HLWLJHQ (LQ
VFKUlQNXQJHQGHU8QWHUVXFKXQJYRQZLUWVFKDIWOLFKHQ$XVZLUNXQJHQGLHVHU7HFKQRORJLH




JlQ]OLFK QHXHQ 3DUDGLJPHQ RGHU$UEHLWVSUR]HVVHPLW VLFK 'LHVH$XVVDJH HUJlQ]W VLFKPLW
HLQLJHQ (UNHQQWQLVVHQ DXV DQGHUHQ 7HLOHQ GHU YRUOLHJHQGHQ 8QWHUVXFKXQJ 'RUW ]HLJW VLFK
GDVV &5,635 IU$QZHQGXQJVIHOGHU ZLH ;HQRWUDQVSODQWDWLRQ .HLPEDKQWKHUDSLH XQG VRPD
WLVFKH*HQWKHUDSLH]ZDUUHOHYDQW LVWDOOHUGLQJVGLH7HFKQRORJLHQLFKWVDQGHUJUXQGVlW]OLFKHQ
/RJLN GLHVHU $QZHQGXQJHQ YHUlQGHUW 9LHOPHKU EHVFKOHXQLJW HV GLH 8PVHW]XQJ YRQ YLHOHQ
3URMHNWHQGLHDXFKVRQVW±EHUHLQHOlQJHUH=HLWVSDQQH±GXUFKJHIKUWZRUGHQZlUHQ








8QWHUQHKPHQVJU|VVHQ ZLH 8PVDW] *HZLQQ XQG 9ROO]HLWDUEHLWVSOlW]H 'LHVEH]JOLFK JDEHQ
8QWHUQHKPHQ KlXILJ DQ QLFKW HLQVFKlW]HQ ]X N|QQHQ ZLH VLFK *HQRPH (GLWLQJ DXI GLHVH
*U|VVHQLP8QWHUQHKPHQDXVZLUNHQZLUG'LHMHQLJHQGLHHLQH$EVFKlW]XQJDEJDEHQYHUPX

























OXQJ WlWLJ LVW*HQRPH(GLWLQJ DEHU DXIJUXQG GHU8QWHUQHKPHQVDXVULFKWXQJ =LHOH 3URGXNWH
HWFDOVQLFKWUHOHYDQWHLQVFKlW]W=ZDUJLEWHVYRQGLHVHP7\SXVQXUZHQLJH8QWHUQHKPHQLQ
GHU 8PIUDJH VHOEVW DOOHUGLQJV OLHJW GLH 9HUPXWXQJ QDKH GDVV HV QRFK YLHOH ZHLWHUH VROFKH
8QWHUQHKPHQ LQ GHU 6FKZHL] JLEW ,QVEHVRQGHUH GLH5FNPHOGXQJHQ GLHZlKUHQG GHU .RQ
WDNWDXIQDKPHIUGLH8PIUDJHHQWVWDQGHQVLQGGHXWHQGDUDXIKLQ$XFKGLHKRKH=DKODQXQ
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gNRQRPLVFKH,PSOLNDWLRQHQYRQ*HQRPH(GLWLQJHLQHH[SORUDWLYH8QWHUQHKPHQVEHIUDJXQJ 





0LWGHP$XINRPPHQYRQ*HQRPH(GLWLQJ9HUIDKUHQVWHOOWH VLFK UHODWLY UDVFKGLH)UDJHQDFK








QRPH (GLWLQJ HLQVFKlW]WH 6WDWWGHVVHQ WHLOWHQ VLFK GLH$QWZRUWHQ LQ GUHL FLUFD JOHLFK JURVVH








'LH$Q]DKO DQ 3DWHQWHQ LP %HUHLFK*HQRPH(GLWLQJ LVW LQVEHVRQGHUH VHLW GHU 1XW]EDUPDFKXQJ YRQ&5,635&DV
VWDUNJHVWLHJHQ'LHPHLVWHQPLW&5,635 LQ9HUELQGXQJVWHKHQGHQ3DWHQWDQWUlJH LQ(XURSDZXUGHQGDEHL YRQ86




YRQ YHUVFKLHGHQHQ&5,6357HFKQRORJLHQ LQ NRPPHU]LHOOHU )RUVFKXQJ XQG 3URGXNWHQWZLFNOXQJZHUGHQ YRQ GHQ XU




$QVSUFKH DP JHLVWLJHQ (LJHQWXP IU GLH $QZHQGXQJ YRQ &5,635&DV6\VWHPHQ IU *HQRPH (GLWLQJ JHOWHQG
PDFKWHQ ZXUGH LP 6HSWHPEHU  ]XJXQVWHQ GHV %URDG ,QVWLWXWHV HQWVFKLHGHQ 'DV (UJHEQLV GLHVHU UHFKWOLFKHQ















(GLWLQJ DEJHOHLWHWZHUGHQ'LHVH N|QQHQHLQH*UXQGODJH IUZHLWHUH8QWHUVXFKXQJHQELOGHQ
GLHVLFKXPIDVVHQGHUPLWGHQZLUWVFKDIWOLFKHQ3RWHQ]LDOHQYRQ*HQRPH(GLWLQJEHVFKlIWLJHQ
*HQRPH (GLWLQJ VWHKW LQ .RQNXUUHQ] ]X HWDEOLHUWHQ 9HUIDKUHQ GHUHQ $QZHQGXQJ WURW] GHU





WHQ 8QWHUQHKPHQ ]XU 9HUZHQGXQJ RGHU 1LFKWYHUZHQGXQJ YRQ *HQRPH (GLWLQJ 6RZRKO IU
3KDUPDXQWHUQHKPHQDOVDXFKIU8QWHUQHKPHQDXVGHQ%HUHLFKHQ$JUDUZLUWVFKDIWVRZLH/H




QHKPHQ ]X ILQGHQ VLQG N|QQHQZHLWHUH )RUVFKXQJHQ DQ GLHVHP3XQNW DQVHW]HQ LQGHP VLH
VLFKPLWGHQ0HLQXQJHQGHU.RQVXPHQWLQQHQXQG.RQVXPHQWHQ LQGHU6FKZHL]]X*HQRPH
(GLWLQJ EHVFKlIWLJHQ(LQ JHQDXHUHV%LOG GHU JHVHOOVFKDIWOLFKHQ$N]HSWDQ] YRQ*HQRPH(GL





JHQ KLQVLFKWOLFK GHU$XVZLUNXQJHQ DXI$UEHLWVSOlW]H RGHU0DUNWVWHOOXQJ DXVJHPDFKWZHUGHQ




GDUVWHOOHQ 'LHV N|QQWH DXFK ]X QHJDWLYHQ $XVZLUNXQJHQ DXI 6FKZHL]HU 8QWHUQHKPHQ XQG
:LUWVFKDIW KDEHQ ZHQQ ZLH LQ GHU 8PIUDJH GXUFK 7HLOQHKPHQGH H[SOL]LHUW DQGHUH :LUW
VFKDIWVVWDQGRUWHGLH7HFKQRORJLHIUKHURGHUXPIDVVHQGHUQXW]HQE]ZQXW]HQGUIHQ
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 )D]LW
Alexander Lang, Erich Griessler, Armin Spök, Lukas Kaelin, Michael Fuchs, Dominik Harrer, 
Malte Gruber, Caroline Hammer, Helmut Hönigmayer und Florian Winkler 






















*HQRPH (GLWLQJ9HUIDKUHQ ± XQG XQWHU GLHVHQ LQVEHVRQGHUH &5,635&DV ± KDEHQ VLFK LQ
NXU]HU=HLWLQ)RUVFKXQJXQG(QWZLFNOXQJGXUFKJHVHW]W6HKUEDOGQDFK(QWGHFNXQJGHU)XQN
WLRQYRQ&5,635&DV LQ%DNWHULHQZXUGHYRQGHUHUVWHQ]LHOJHULFKWHWHQ1XW]XQJEH
ULFKWHW  XQG NXU]H =HLW GDUDXI QDKP GLH $QZHQGXQJ GLHVHV QHXHQ *HQRPH (GLWLQJ
9HUIDKUHQVLQXQWHUVFKLHGOLFKHQ%HUHLFKHQUDVDQW]XZlKUHQGDQGHUH9HUIDKUHQZLH0HJDQXN
OHDVH =)1 RGHU 7$/(1 DXIJUXQG YHUVFKLHGHQHU 1DFKWHLOH VHOWHQHU YHUZHQGHW ZXUGHQ XQG
ZHUGHQVLHKH.DSLWHOXQGLQVEHVRQGHUH$EVFKQLWW
'LH6WXGLHKDWXQWHUVFKLHGOLFKH$QZHQGXQJVIlOOHEHVSURFKHQZLHGLH0RGLILNDWLRQYRQ7LHUHQ
DOV 2UJDQTXHOOHQ GHQ PHGL]LQLVFKHQ (LQJULII LQ PHQVFKOLFKH =HOOHQ RGHU GLH PHQVFKOLFKH
.HLPEDKQGLH6DDWJXWHQWZLFNOXQJXQG7LHU]XFKW LQGHU/DQGZLUWVFKDIWVRZLHGLHZHLWIOlFKLJH
0RGLILNDWLRQGHU)DXQDPLWWHOV*HQH'ULYHV*HQRPH(GLWLQJZLUGLQGLHVHQ)HOGHUQXQGLQGHQ




JHQXW]W DOV DXFK IU GDV JH]LHOWH (LQEULQJHQ DUWHLJHQHU &LVJHQH RGHU DUWIUHPGHU *HQH
7UDQVJHQH9HUVXFKHXQG0DVVQDKPHQZHUGHQDQ=HOOHQRGHU*HZHEHQDQ0LNURRUJDQLV
PHQDQ3IODQ]HQ7LHUHQRGHUVRJDUDQ0HQVFKHQGXUFKJHIKUW'DEHLKDWVLFKJH]HLJWGDVV
GLH9HUIDKUHQ VHOEVW EHU YHUVFKLHGHQH(LJHQVFKDIWHQXQG3RWHQ]LDOH YHUIJHQ'LH(LQEULQ
JXQJGHU*HQRPH(GLWLQJ6\VWHPHGHUHQ=LHOJHQDXLJNHLWXQG:LUNVDPNHLWP|JOLFKH2QXQG









ZLUNXQJHQ GHV*HQRPH(GLWLQJV %HL GHU (LQEULQJXQJ GHU*HQRPH(GLWLQJ6\VWHPH VSLHOHQ
YHUVFKLHGHQH$QVlW]HLKUHU©9HUSDFNXQJªVRZLHGHUHQ(LQEULQJXQJLQGLH=HOOHQEH]LHKXQJV




DXVIRUGHUXQJHQ VWHOOW RGHU ZHOFKH JHVHOOVFKDIWOLFK XPVWULWWHQ VLQG 'LHV ]HLJW VLFK HWZD EHL
VRPDWLVFKHUin vivo*HQWKHUDSLHEHLGHUJHUDGHGLH]LHOJHQDXH(LQEULQJXQJGHU*HQRPH(GL
WLQJ6\VWHPHPLWWHOV 9HNWRUHQ LQ GLH HUZQVFKWHQ.|USHU]HOOHQ LQ EHVWLPPWHQ )lOOHQ ELVODQJ
VFKZHU]XEHZHUNVWHOOLJHQXQGPLWXQWHUPLWQHJDWLYHQ$XVZLUNXQJHQYHUEXQGHQLVWVLHKH.DSL
WHO
'LHVHU 9LHOIlOWLJNHLW XQG.RPSOH[LWlW JHUHFKW ]XZHUGHQ VWHOOW HLQH+HUDXVIRUGHUXQJ LP8P
JDQJPLW*HQRPH(GLWLQJ±HWZDDXFKLP5DKPHQHLQHU7HFKQLNIROJHQDEVFKlW]XQJ±GDU(V
H[LVWLHUWQLFKWHLQ$QVDW]GHV*HQRPH(GLWLQJVVRQGHUQHLQ%QGHOYHUVFKLHGHQHUELRWHFKQROR
JLVFKHU0HWKRGHQ GLH ]X XQWHUVFKLHGOLFKHQ=ZHFNHQ DQ XQWHUVFKLHGOLFKHQ=HOOHQ XQG2UJD
QLVPHQHLQJHVHW]WXQGODXIHQGZHLWHUHQWZLFNHOWZHUGHQ-HQDFKYHUZHQGHWHP9HUIDKUHQ(LQ
VDW]]LHOXQGEHKDQGHOWHP2UJDQLVPXVVLQGXQWHUVFKLHGOLFKHQ+HUDXVIRUGHUXQJHQ]XEHJHJQHQ
XQG 1HEHQZLUNXQJHQ ]X EHUFNVLFKWLJHQ -H QDFK$QZHQGXQJ XQG =LHOVHW]XQJ N|QQHQ GLH
JHVHOOVFKDIWOLFKHQ,PSOLNDWLRQHQXQG%HXUWHLOXQJHQXQWHUVFKLHGOLFKDXVIDOOHQ*HQRPH(GLWLQJ
9HUIDKUHQ HQW]LHKHQ VLFK GDPLW ]X HLQHP JHZLVVHQ *UDG HLQHU SDXVFKDOHQ %HXUWHLOXQJ XQG











WLRQ DQJHSDVVW ZHUGHQ 'DV EHGHXWHW GDVV 3DDUH EHL GHQHQ )lOOH YRQ (UENUDQNKHLWHQ EH
NDQQWVLQGDVVLVWLHUWH5HSURGXNWLRQHQ,9)XQG3,'GXUFKODXIHQPVVHQ6ROOWHQYHUVFKLHGH
QH JHQHWLVFK EHGLQJWH (UNUDQNXQJHQ EHKDQGHOW ZHUGHQ EHL GHQHQ NHLQH 3UlGLVSRVLWLRQ GHU
(OWHUQEHNDQQWLVWRGHUGLHVSRQWDQDXIJUXQGHLQHUJHQHWLVFKHQ0XWDWLRQHQWVWHKHQVRPVVWH
GLHVGXUFKLQGLNDWLRQVORVHJHQHWLVFKH7HVWVGHU(OWHUQRGHUURXWLQHPlVVLJH,9)XQG3,'HUIRO
JHQ(V VWHOOW VLFKGLH)UDJH LQZLHIHUQHLQ VROFKHV6FUHHQLQJ VR]LDOZQVFKHQVZHUW HIIHNWLY
XQGILQDQ]LHUEDUZlUH'LH.RVWHQIUDJHVWHOOWVLFKDXFKLQ+LQEOLFNDXIVRPDWLVFKH*HQWKHUDSLH





YHUPLWWHOQ WURW] GLHVHU8QWHUVFKLHGH HLQ lKQOLFKHV%LOG GDYRQ ZDV VLFK LQ:LVVHQVFKDIW XQG
)RUVFKXQJGXUFK*HQRPH(GLWLQJ9HUIDKUHQXQGLQVEHVRQGHUH&5,635YHUlQGHUWKDW*HQR
PH(GLWLQJZLUGDOVUHYROXWLRQlUH7HFKQRORJLHEHVFKULHEHQ'HU%HJULII*HQRPH(GLWLQJVRZLH
V\QRQ\P JHEUDXFKWH$XVGUFNHZLH*HQRP&KLUXUJLH*HQ6NDOSHOO XQG*HQ6FKHUH WUDJHQ







]X EHZlOWLJHQ 'DV9HUlQGHUQ GHU'1$ RKQH(LQEULQJHQ YRQ )UHPG'1$ZXUGH EHUHLWVPLW
*HQH7DUJHWLQJPLWWHOVKRPRORJHU5HNRPELQDWLRQ LQXQWHUVFKLHGOLFKHQ2UJDQLVPHQEHWULHEHQ
VLHKH$EVFKQLWW-HGRFKZXUGHQ(IIL]LHQ]XQG(IIHNWLYLWlWGXUFKGLH1XW]XQJGHV3ULQ]LSV












 =XPLQGHVW DQIDQJV ZREHL HLQH JHQDXH 6FKlW]XQJ GHU .RVWHQHQWZLFNOXQJ VFKZHU P|JOLFK LVW JHQDXVR ZLH GLH
%HUHFKQXQJYRQ2SSRUWXQLWlWVNRVWHQEHL1LFKWYHUZHQGXQJYRQVRPDWLVFKHU*HQWKHUDSLH
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  *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ

GLH +HUVWHOOXQJ JHQHWLVFK YHUlQGHUWHU 2UJDQLVPHQ EHVFKOHXQLJW VLHKH .DSLWHO  $EVFKQLWW
*HUDGHGLHUHODWLYH(LQIDFKKHLWYRQ&5,6356\VWHPHQPDFKWGHUHQUDVFKH9HUEUHLWXQJLQ
)RUVFKXQJ XQG (QWZLFNOXQJ YHUVWlQGOLFK *HQRPH (GLWLQJ9HUIDKUHQ QHKPHQ EHUHLWV KHXWH
HUVWZHQLJH-DKUHQDFKGHUHQ(QWGHFNXQJHLQH]HQWUDOH5ROOHLQGHUJHQHWLVFKHQXQGELRWHFK
QRORJLVFKHQ)RUVFKXQJXQG(QWZLFNOXQJHLQ'LHVKDWVLFKLQGLHVHU8QWHUVXFKXQJLQJDQ]XQ
WHUVFKLHGOLFKHQ $QZHQGXQJVEHUHLFKHQ JH]HLJW VR HWZD LP )RUVFKXQJVIHOG ;HQRWUDQVSODQ
WDWLRQ LQGHPGLH0RGLILNDWLRQJHQHWLVFKDQJHSDVVWHU6FKZHLQHDOV2UJDQTXHOOHQEHUHLWVPLW
DQGHUHQ 0LWWHOQ EHWULHEHQ ZXUGH PLW *HQRPH (GLWLQJ MHGRFK YHUHLQIDFKW XQG EHVFKOHXQLJW
ZHUGHQNRQQWH,Q)ROJHGHV(LQVDW]HVYRQ*HQRPH(GLWLQJ0HWKRGHQZXUGHVRHLQH9LHO]DKO
YHUVFKLHGHQHU0RGLILNDWLRQHQ JOHLFK]HLWLJ XPJHVHW]W XQG GLH hEHUOHEHQVGDXHU LQ ;HQRWUDQV
SODQWDWLRQV7LHUYHUVXFKHQYHUOlQJHUW VLHKH.DSLWHO $EVFKQLWW (LQDQGHUHV%HLVSLHO LVW
:HL]HQEHLGHP=LHOJHQHLQDOOHQVHFKVYRUKDQGHQHQ6lW]HQJHQHWLVFKHU,QIRUPDWLRQJOHLFK
]HLWLJYHUlQGHUWZHUGHQN|QQHQVLHKH.DSLWHO$EVFKQLWW
6WXGLHQ]HLJHQDEHUGDVVVHOEVWQHXH*HQRPH(GLWLQJ9HUIDKUHQ LQ LKUHU$QZHQGXQJ LPPHU
ZLHGHU XQHUZQVFKWH (IIHNWH SURGX]LHUHQ 6LH VLQG ]ZDU SUl]LVHU DOV DQGHUH 0HWKRGHQ GHU
*HQWHFKQLN ]XYRU DEHU QLFKW LPPHU IU VLFK JHQRPPHQ SUl]LVH *HQRPH (GLWLQJ UXIW HWZD
'1$'RSSHOVWUDQJEUFKHXQG 9HUlQGHUXQJHQDQXQHUZQVFKWHQ6WHOOHQKHUYRUVRJHQDQQWH
2II7DUJHW(IIHNWHRGHUSURGX]LHUWDQGHQ=LHOUHJLRQHQGHU'1$9HUlQGHUXQJHQGLHVRQLFKW
HUZQVFKW ZDUHQ GLH VRJHQDQQWHQ2Q7DUJHW(IIHNWH VLHKH$EVFKQLWWH  XQG  (V




XQHUZQVFKWHQ *HQYHUlQGHUXQJHQ LQ GHQ =LHOWLHUDUWHQ IKUHQ VLHKH .DSLWHO  'LH$XVZLU
NXQJHQYRQGHUDUWLJHQ(IIHNWHQVLQGGHU]HLWVFKZHUDE]XVHKHQXQGIDOOVSH]LILVFK]XEHXUWHLOHQ
'DV LQ :LVVHQVFKDIW XQG 0HGLHQ ]XPHLVW EHVSURFKHQH &5,635&DV9HUIDKUHQ VWHOOW QLFKW
GDV ©OHW]WHª *HQRPH (GLWLQJ9HUIDKUHQ GDU 9HUVFKLHGHQH (QWZLFNOXQJVEHPKXQJHQ ]LHOHQ
ZHLWHUKLQ DXI GHVVHQ 9HUEHVVHUXQJ DE HWZD LQGHP DQGHUH (QGRQXNOHDVHQ DOV &DV DOV
©6FKHUHªHUIRUVFKWZHUGHQ'DUEHUKLQDXVZLUGDQ9HUIDKUHQJHDUEHLWHWGHUHQ*UXQGSULQ]L




JHQ ]% KLQVLFKWOLFK 2II7DUJHW(IIHNWHQ ]HUVWUHXHQ VLHKH .DSLWHO  $EVFKQLWW  'LH
ZHLWHUH 3Ul]LVLHUXQJ GHV*HQRPH (GLWLQJVPLW XQWHUVFKLHGOLFKHQ6WUDWHJLHQZLUG DOVRZHLWHU
YRUDQJHWULHEHQXQG$XVVDJHQ]XU3Ul]LVLRQVLQGLPPHUYRUGHP+LQWHUJUXQGGLHVHUIRUWODXIHQ
GHQ(QWZLFNOXQJ]XVHKHQ
'DEHL VLQG QLFKW QXU2II7DUJHW(IIHNWH XQG GHUHQ$XVZLUNXQJHQ HLQH+HUDXVIRUGHUXQJ VRQ
GHUQEHUKDXSWGLH,GHQWLILNDWLRQYRQ2II7DUJHW(IIHNWHQDQVLFK,QGHU/LWHUDWXUZHUGHQXQWHU
VFKLHGOLFKH$QVlW]H ]XU )HVWVWHOOXQJ YRQ 2II7DUJHW(IIHNWHQ EHVFKULHEHQ:lKUHQG LQPDQ
FKHQ 6WXGLHQ GDV JHVDPWH *HQRP VHTXHQ]LHUW XQG EHUSUIW ZLUG DQDO\VLHUHQ DQGHUH QXU
DXVJHZlKOWH $EVFKQLWWH GHU '1$ LQ GHQHQ DXIJUXQG YRQ YRUDQJHJDQJHQHQ %HUHFKQXQJHQ
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)D]LW 

HLQH HUK|KWH:DKUVFKHLQOLFKNHLW HLQHV 2II7DUJHW(IIHNWHV EHVWHKW 'XUFK GLHVH XQWHUVFKLHG



























lQGHUW ZHUGHQPVVHQ XP HLQ EHVWLPPWHV (UJHEQLV ]X HU]LHOHQ VLHKH .DSLWHO $EVFKQLWW
'DV:LVVHQXPGLH)XQNWLRQYRQ*HQHQGLH:HFKVHOZLUNXQJJHQHWLVFKEHGLQJWHU(L
JHQVFKDIWHQ XQWHUHLQDQGHU VRZLHPLW GHU 8PZHOW LVW LQ YLHOHQ %HUHLFKHQ LPPHU QRFK HLQJH
VFKUlQNW6HOEVWXQWHUGHU$QQDKPHHLQHVKRFKSUl]LVHQXQGHIIL]LHQWHQ*HQRPH(GLWLQJVRKQH
2II2Q7DUJHW(IIHNWHN|QQHQGLHZHLWHUHQ$XVZLUNXQJHQ MHQDFKPRGLIL]LHUWHU'1$6HTXHQ]
XQG 2UJDQLVPXV QLFKW LPPHU YRUDXVJHVHKHQ ZHUGHQ (EHQVR ZLH LQ %H]XJ DXI 2II7DUJHW
(IIHNWHVWHOOWVLFKGLH)UDJH LQZHOFKHP0DVV8QJHZLVVKHLW LQ.DXIJHQRPPHQZLUGXPEH
VWLPPWH =LHOH HWZD GLH 7KHUDSLH HLQHU .UDQNKHLW PLWWHOV VRPDWLVFKHU *HQWKHUDSLH RGHU GLH
3UlYHQWLRQYRQ0DODULDGXUFK*HQH'ULYHV]XHUUHLFKHQ'LHVH)UDJHLVWYRQ*HVHOOVFKDIWXQG




 9RU DOOHP3XQNWPXWDWLRQHQ EH]LHKXQJVZHLVH*HQ.QRFN2XWV %HL(LQEULQJXQJ YRQ WUDQVJHQHU'1$ NDQQ GLHVH
LGHQWLIL]LHUWZHUGHQZLUGMHGRFK'1$GHUVHOEHQ$UWHLQJHEUDFKWLVWGLHVXQWHU8PVWlQGHQQLFKWP|JOLFK







VHQ XQG (UZDUWXQJHQ ± VRZRKO KLQVLFKWOLFK HLQHU EHYRUVWHKHQGHQ HUIROJUHLFKHQ5HDOLVLHUXQJ
YRQ(LQJULIIHQDOVDXFKP|JOLFKHUQHJDWLYHU$XVZLUNXQJHQ±GLHEHUHLQHXQVLFKHUHHPSLUL
VFKH *UXQGODJH YHUIJHQ 'LH GHU]HLWLJ KRKH (UZDUWXQJVKDOWXQJ UXQG XP *HQRPH (GLWLQJ
NDQQJH]LHOWJHQXW]WZHUGHQXPGHQPXWPDVVOLFKHQXQG]XNQIWLJHQ(UIROJGHUHLJHQHQ$UEHLW
KHUYRU]XVWUHLFKHQ 'DV+HUYRUKHEHQ EHVWLPPWHU$VSHNWH XQG+LQWDQVWHOOHQ RGHU:HJODVVHQ
DQGHUHU NDQQ DXV JDQ] XQWHUVFKLHGOLFKHQ *UQGHQ HUIROJHQ HWZD 3XEOLNDWLRQVGUXFN LQ GHU
:LVVHQVFKDIWRGHUSROLWLVFKHRGHU|NRQRPLVFKH ,QWHUHVVHQ3URJQRVHQXQG(UZDUWXQJHQGLH
XQWHUVFKLHGOLFKH$NWHXULQQHQXQG$NWHXUHYHUEUHLWHQVROOWHQYRUGHP+LQWHUJUXQGDXIWUHWHQGHU
©+\SHVª UXQG XP QHXH 7HFKQRORJLHQ NULWLVFK DQDO\VLHUW XQG KLQWHUIUDJW ZHUGHQ 'LH *UXQG
ODJHQ GHUDUWLJHU (LQVFKlW]XQJHQPVVHQPLW 6RUJIDOW EHJXWDFKWHWZHUGHQ:HQQ GLH*UXQG
ODJHQ YRQ3URJQRVHQ XQG9HUVSUHFKXQJHQ QLFKW WUDQVSDUHQW JHPDFKWZHUGHQ VLQG VLH DNWLY
HLQ]XIRUGHUQ9HUVSUHFKXQJHQPVVHQYRUGHP+LQWHUJUXQGGHUSROLWLVFKQRUPDWLYHQ3RVLWLRQ




*HQRPH (GLWLQJ$QZHQGXQJHQ VLQG YRQ WHFKQLVFKHQ DEHU DXFK VR]LDOHQ 9RUDXVVHW]XQJHQ
DEKlQJLJ 6R]LDOH HWKLVFKH XQG SUDNWLVFKH =XVDPPHQKlQJH N|QQHQ XQWHU 8PVWlQGHQ )RU
PHQXQG$XVZLUNXQJHQGHV(LQVDW]HVYRQ*HQRPH(GLWLQJKHPPHQYHUKLQGHUQI|UGHUQRGHU
YHUlQGHUQ ,Q DOOHQ EHVSURFKHQHQ$QZHQGXQJVIHOGHUQ VWHOOW VLFK QRFK EHYRU GLH WHFKQLVFKH
0DFKEDUNHLWGLH6LFKHUKHLWXQGGLH$XVZLUNXQJHQLQGHQ%OLFNJHQRPPHQZHUGHQGLH)UDJH
RE XQG ZHOFKH $QZHQGXQJHQ XQG GDPLW HLQKHUJHKHQGH 1RWZHQGLJNHLWHQ SULQ]LSLHOO JHVHOO
VFKDIWOLFKHUZQVFKWVLQGEH]LHKXQJVZHLVHLQZLHIHUQGLH%HDQWZRUWXQJGLHVHU)UDJHHLQ]HOQHQ










JH XP )UDJHQ GHV 9HUVFKDIIHQV YRQ 9RUWHLOHQ EHVWLPPWHU $NWHXULQQHQ XQG$NWHXUH GHU

 6HOEVW VFKHLQEDU ©QDWUOLFKHª 9RUJlQJH ZLH )RUWSIODQ]XQJ VLQG NXOWXUHOO XQG VR]LDO EHUIRUPW XQG ILQGHQ XQWHU
©NQVWOLFKHQªLQVWLWXWLRQHOOHQ5DKPHQEHGLQJXQJHQVWDWW







YHUVWHKHQ GLH YRU GHP +LQWHUJUXQG EHVWHKHQGHU VR]LRQRUPDWLYHU +HUDXVIRUGHUXQJHQ XQG
.RQIOLNWH HLQJHRUGQHW ZHUGHQ GLHVH UHSURGX]LHUHQ XQG JHJHEHQHQIDOOV YHUlQGHUQ 'HU %OLFN
DXIYHUJDQJHQH.RQWURYHUVHQXQGJHVHOOVFKDIWOLFKH$XVHLQDQGHUVHW]XQJHQ LVWGDKHU ORKQHQG
XP HLQHQ NRQVWUXNWLYHQ JHVHOOVFKDIWOLFKHQ 8PJDQJPLW GLHVHU QHXHQ 7HFKQRORJLH XQG GDPLW
YHUEXQGHQHU$QZHQGXQJHQ]XILQGHQ
gIIHQWOLFKJHIKUWH'HEDWWHQXQGHLQJHVHOOVFKDIWOLFKHU'LVNXUV]X0|JOLFKNHLWHQ5LVLNHQXQG
GHU (UZQVFKWKHLW YRQ*HQRPH(GLWLQJ$QZHQGXQJHQZHUGHQ DOV HLQH %HGLQJXQJ IU HLQHQ
DQJHPHVVHQHQ8PJDQJPLWGLHVHU7HFKQRORJLHJHVHKHQhEHUGLH1RWZHQGLJNHLWHLQHUEUHLWHQ
JHVHOOVFKDIWOLFKHQ 'HEDWWH EHVWHKW DXFK XQWHU )RUVFKHULQQHQ XQG )RUVFKHUQ GLH VLFK PLW
*HQRPH(GLWLQJEHVFKlIWLJHQHLQEUHLWHU.RQVHQV%DOWLPRUHHWDO%RVOH\HWDO
6 &KDQ HW DO  'RXGQD  +LOGW  *HQDXVR EHLQKDOWHQ GLH 6WHOOXQJQDKPHQ









%UJHU DGlTXDW HLQJHEXQGHQ":LH NDQQ HLQH 7HLOQDKPH JDQ] XQWHUVFKLHGOLFKHU %HY|O










:LUG YHUVXFKW HLQH'HEDWWH EHU HLQPLW*HQRPH(GLWLQJ YHUEXQGHQHV7KHPD ]X LQLWLLHUHQ
PVVHQXDGLHVH$VSHNWHRIIHQDGUHVVLHUWXQG UHIOHNWLHUWZHUGHQ*HKWHVGDUXP]XHLQHU




FKH ,QWHUHVVHQ VLQG PLW GHU 7HLOQDKPH XQWHUVFKLHGOLFKHU 6WDNHKROGHU YHUEXQGHQ ]% ZLUW








$QZHQGXQJHQ RGHU GDPLW YHUEXQGHQHQ SROLWLVFKHQ (QWVFKHLGXQJHQ GLHQHQ (U VROOWH RIIHQ
JHVWDOWHWVHLQYHUVFKLHGHQH3HUVSHNWLYHQDXIXQWHUVFKLHGOLFKH$VSHNWHGHV7KHPDVHUODXEHQ
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VWDQ] GHU (UELQIRUPDWLRQ '1$0ROHNOH EHVWHKHQ DXV ]ZHL




YRQ7UDQVNULSWLRQ XQG7UDQVODWLRQ ]XU+HUVWHOOXQJ YRQ3URWHLQHQ
YHUZHQGHW
'1$6HTXHQ]LHUXQJ $EOHVHQ GHU Æ Nukleotid EH]LHKXQJVZHLVH %DVHQDEIROJH GHU
'1$PLWWHOVXQWHUVFKLHGOLFKHU9HUIDKUHQ
'RSSHOVWUDQJEUXFK %UXFK GHV =XFNHU3KRVSKDW5FNJUDWV EHLGHU'1$6WUlQJH RK
QHGDVVGLH%LQGXQJ]ZLVFKHQGHQ%DVHQJHWUHQQWZLUG
(6=HOOHQ (PEU\RQDOH 6WDPP]HOOHQ EHVLW]HQ GLH )lKLJNHLW VLFK LQ YHU
VFKLHGHQH$UWHQ YRQ =HOOHQ DXV]XGLIIHUHQ]LHUHQ (Æ pluripotente 
Stammzellen)
ex vivo 8QWHUVXFKXQJYRQ=HOOHQ*HZHEHQRGHU2UJDQHQGLHHLQHP2U
JDQLVPXV HQWQRPPHQ ZXUGHQ XQWHU /DERUEHGLQJXQJHQ (Æ in 
vitro)
([SUHVVLRQ 9RUJDQJ EHL GHP '1$ DEJHOHVHQ XQG LQ HLQ 3URWHLQ EHUVHW]W
ZLUG

















*HQRPH(GLWLQJ =LHOJHULFKWHWH 9HUlQGHUXQJ GHU %DVHQDEIROJH LQ GHU Æ DNA
GXUFK +HUYRUUXIXQJ HLQHV RUWVVSH]LILVFKHQ 'RSSHOVWUDQJEUXFKV
XQG $XVQXW]XQJ GHU ]HOOHLJHQHQ 5HSDUDWXUYHUIDKUHQ Æ NHEJ
RGHUÆHDR
*HQRPH(GLWLQJ9HUIDKUHQ 0ROHNXODUELRORJLVFKH 0HWKRGHQ PLW GHQHQÆ Genome Editing





QLFKW VLQG GLHVH 9HUlQGHUXQJHQ LQ %OlWWHUQ RGHU )UFKWHQ QLFKW
VLFKWEDU
*7.2 Æ Knock-out GHV *HQV Į*7 EH]LHKXQJVZHLVH **7$ ZHO
FKHV IUGLH3URGXNWLRQGHV*DOĮ*DO(SLWRSVYHUDQWZRUWOLFK




+'5 +RPRORJ\GLUHFWHG UHSDLU GHXWVFK KRPRORJH 5HNRPELQDWLRQV
UHSDUDWXU=HOOHLJHQHU5HSDUDWXUPHFKDQLVPXVEHLHLQHPÆDop-
pelstrangbruch 'DEHL ZHUGHQ DQKDQG HLQHU 6HTXHQ]YRUODJH
%UFKHLQGHUÆ DNAJHQDXZLHGHUKHUJHVWHOOW
+HWHUR]\JRW 'LHYHUHUEWHQ$OOHOHEHLGHUE]ZDOOHUZHQQPHKUDOV]ZHL&KUR
PRVRPHQVlW]H GHVVHOEHQ *HQV XQWHUVFKHLGHQ VLFK DXFK DOV
©PLVFKHUELJªEHVFKULHEHQ
+H[DSORLG 6HFKVIDFKHU&KURPRVRPHQVDW]
+,9 +XPDQHV ,PPXQGHIL]LHQ]YLUXV (LQ 5HWUR E]Z /HQWLYLUXV ZHO
FKHVLP0HQVFKHQ$LGVKHUYRUUXIW

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 *HQRPH(GLWLQJ,QWHUGLV]LSOLQlUH7HFKQLNIROJHQDEVFKlW]XQJ








+XPDQ(QKDQFHPHQW $QVlW]H XQG 7HFKQLNHQ ]XU 9HUEHVVHUXQJ RGHU (UZHLWHUXQJ GHU
PHQVFKOLFKHQ/HLVWXQJVIlKLJNHLW
in vitro /DWHLQLVFKIU©LP*ODVªLQGHU3HWULVFKDOH8QWHUVXFKXQJRGHU
9HUlQGHUXQJ HWZD PLWWHOV *HQRPH (GLWLQJ YRQ 2UJDQLVPHQ
RGHU=HOOHQXQWHU/DERUEHGLQJXQJHQ
in vivo 9RUJlQJHGLHLPOHEHQGLJHQ2UJDQLVPXVVHOEVWVWDWWILQGHQ]%
*HQRPH (GLWLHUXQJ LQ OHEHQGHQ 9HUVXFKVWLHUHQ RGHU LP 0HQ
VFKHQ
,QVHUWLRQ (LQIJHQ HLQLJHU ZHQLJHU 1XNOHRWLGH JDQ]HU *HQH RGHU *HQ
EHUHLFKHLQQHUKDOEHLQHV'1$$EVFKQLWWV
,QWUDJHQHVLV (LQEULQJXQJHLQHV'1$$EVFKQLWWVGHVVHQJHQHWLVFKHQ(OHPHQ







,9) ,QYLWUR)HUWLOLVDWLRQ .QVWOLFKH %HIUXFKWXQJ GHU (L]HOOH DXVVHU
KDOEGHV.|USHUVLP/DERU
.HLPEDKQ =HOOOLQLH=HOODEIROJH ZHOFKH GLH JHQHWLVFKH ,QIRUPDWLRQ HQWKlOW
ZHOFKHYHUHUEWZLUG(Æ Keimzellen)
 




GHUXQJ JHQHWLVFK EHGLQJWHU (UNUDQNXQJHQ .HLPEDKQWKHUDSLH













.RH[LVWHQ] 0DVVQDKPHQ ]XU (WDEOLHUXQJ XQG$XIUHFKWHUKDOWXQJ HLQHU 7UHQ




*HQHWLVFKH 0DUNHU GLH IU HLQH EHVWLPPWH (LJHQVFKDIW VWHKHQ
ZHUGHQEHLGHU=XFKWDOV+LOIVPLWWHOKHUDQJH]RJHQ
0HGHD'ULYH *HQH'ULYHGHU]XHLQHU3RSXODWLRQVUHGXNWLRQIKUW
0HLRVH =HOOWHLOXQJ GLH ]X .HLPEDKQ]HOOHQ IKUW XQG GLH &KURPRVRPHQ
DXIHLQHQ6DW]UHGX]LHUW6LHHUP|JOLFKWVH[XHOOH5HSURGXNWLRQ
0HQGHOVFKH9HUHUEXQJ 1DFKNRPPHQHUKDOWHQYRQMHGHP(OWHUQWHLOHLQHQ&KURPRVRPHQ
VDW] 'LH *HQH GHU (OWHUQ KDEHQ MHZHLOV HLQH SUR]HQWLJH
&KDQFHGHP1DFKNRPPHQYHUHUEW]XZHUGHQ
P51$ 0HVVHQJHU51$GHXWVFK%RWHQ516















1XNOHDVH (Q]\PJUXSSH GLH 1XNOHLQVlXUH DEEDXW =HQWUDOHV (OHPHQW YRQ
ÆGenome Editing-Verfahren
1XNOHRWLG (OHPHQWH GHU 1XNOHLQVlXUH (LQ 1XNOHRWLG EHVWHKW DXV HLQHP
=XFNHUEHVWDQGWHLOEHLÆDNA:'HVR[\ULERVHEHLRNA:5LERVH
HLQHP3KRVSKDWUHVWXQGHLQHU%DVH,Q'1$NRPPHQYLHU%DVHQ






2OLJRQXNOHRWLGVWUDQJ ZHUGHQ JH]LHOWH 9HUlQGHUXQJHQ DQ HLQHU
EHVWLPPWHQ'1$6WHOOHLQGX]LHUW
2II7DUJHW(IIHNWH 8QHUZQVFKWH 9HUlQGHUXQJ YRQ 1XNOHRWLGHQ RGHU $EVFKQLWWHQ
GHU'1$PLWWHOV*HQRPH(GLWLQJDEVHLWV GHU=LHOUHJLRQGHV*H
QRPH(GLWLQJ6\VWHPV
2Q7DUJHW(IIHNWH 8QHUZQVFKWH 9HUlQGHUXQJ YRQ 1XNOHRWLGHQ RGHU $EVFKQLWWHQ
GHU'1$PLWWHOV*HQRPH(GLWLQJDP LQWHQGLHUWHQ2UWGHU9HUlQ
GHUXQJ 2Q7DUJHW(IIHNWH N|QQHQ DXIWUHWHQ ZHQQ GLH .RUUHN
WXUPHFKDQLVPHQ +'5 RGHU 1+(- GLH ]X HLQHU 9HUlQGHUXQJ
IKUHQDQGHUVDXIWUHWHQRGHUDEODXIHQDOVLQWHQGLHUW
2YHUULGH'ULYHV 6WUDWHJLH ]XU.RQWUROOH YRQ*HQH'ULYHV(LQ2YHUULGH'ULYH KDW
GDV=LHOHLQHQEHUHLWVEHVWHKHQGHQ*HQH'ULYH]XEHUVFKUHLEHQ
E]ZDXV]XVFKDOWHQ$XFKEHNDQQWXQWHU5HYHUVDO'ULYH





3KlQRW\S 'DV(UVFKHLQXQJVELOG XQG GLH HUNHQQEDUHQ0HUNPDOH HLQHV2U
JDQLVPXV
3,' 3UlLPSODQWDWLRQVGLDJQRVWLN 8QWHUVXFKXQJ GHV (PEU\RV QDFK
NQVWOLFKHU %HIUXFKWXQJ (Æ IVF) XQG YRU GHVVHQ(LQEULQJXQJ LQ
GLH*HElUPXWWHUPLWWHOVJHQHWLVFKHU'LDJQRVWLN
SOXULSRWHQWH6WDPP]HOOHQ .|USHU]HOOHQGLHVLFKLQXQWHUVFKLHGOLFKH=HOOHQEH]LHKXQJVZHLVH












'LH XQJH]LHOWH 9HUlQGHUXQJ UHVXOWLHUW DXV GHP 1+(-5HSDUDWXU
PHFKDQLVPXV
6'1 (LQH JH]LHOWH 9HUlQGHUXQJ YRQ HLQHP 1XNOHRWLG RGHU PHKUHUHU
1XNOHRWLGH LQQHUKDOE HLQHU YRUKHU GHILQLHUWHQ'1$6HTXHQ]'LH
JH]LHOWH 9HUlQGHUXQJ UHVXOWLHUW DXV GHP $EODXI GHV +'55H
SDUDWXUPHFKDQLVPXV
6'1 (LQ JH]LHOWHU$XVWDXVFK JU|VVHUHU *HQDEVFKQLWWH 'DV (LQIJHQ
HLQHVJHVDPWHQ*HQHVIlOOWDOVRXQWHU6'1$QZHQGXQJ
VRPDWLVFKH*HQWKHUDSLH 7KHUDSHXWLVFKHU(LQJULIILQGLHÆDNAYRQÆsomatischen Zellen 
]XU%HKDQGOXQJYRQ.UDQNKHLWHQ9HUlQGHUXQJHQGHU'1$GLHLP
5DKPHQ GHU VRPDWLVFKHQ *HQWKHUDSLH KHUYRUJHEUDFKW ZXUGHQ
VLQGQLFKWZHLWHUYHUHUEEDU














9HNWRUHQ 7UlJHUPHGLHQPLW GHQHQJHQHWLVFKHV0DWHULDO LQ HLQH=HOOHHLQ
JHEUDFKW ZHUGHQ N|QQHQ $XFK *HQRPH (GLWLQJ6\VWHPH XQG
'1$9RUODJHQ ZHUGHQ PLWWHOV 9HNWRUHQ HLQJHEUDFKW (V ZHUGHQ
































KXPDQEHUHLFK VHLW  VLHKH$UW *HQWHFKQLNJHVHW] YRUKHU
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Mit den neuesten Methoden der Gentechnik kann das Erbgut mit geringerem Aufwand und höherer 
Präzision verändert werden als bisher. Die erst seit wenigen Jahren verfügbare Technik CRISPR wird in 
der Forschung bereits rege benutzt und weckt grosse Erwartungen. 
Solche als Genome Editing (Genom-Editierung) bezeichneten Verfahren eröffnen in der Medizin und der 
Tier- und Pflanzenzucht neue Möglichkeiten, die mitunter kontrovers diskutiert werden. Bei Pflanzen 
gibt es erste Anwendungen, aber Unklarheiten in Bezug auf die Akzeptanz durch die Bevölkerung und 
die Regulierung. In der Medizin könnte die somatische Gentherapie bald öfter eingesetzt werden und die 
Xenotransplantation rückt näher in den Bereich des Möglichen; es stellen sich jedoch Fragen nach 
Sicherheit, Finanzierung und Alternativen. Zudem ist die Diskussion um Eingriffe in die menschliche 
Keimbahn neu entflammt. Gene Drives könnten Organismen in ganzen Ökosystemen verändern – mit 
ungewissen Folgen.
Die interdisziplinäre Studie untersucht Chancen und Risiken des Genome Editings in diesen Bereichen. 
Sie präsentiert die technisch-naturwissenschaftlichen Grundlagen und analysiert ethische, rechtliche 
und ökonomische Aspekte.
